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Abstract 
This study seeks to to determine the spatial extent and characteristics of 
riparian forest on the South Island's West Coast, and to examine the ecological status 
and condition of riparian forest patches within the West Coast's agricultural 
landscape. The majority of West Coast riparian forest occurs on south Westland 
floodplains. Further north these forests were found to comprise <20% of the 
vegetation cover in 16/27 ofthe region's Ecological Districts. Today >80000 ha 
(53%) of the floodplains are in pasture, and <1 % of the farmed areas are in indigenous 
forest. Remaining forests on the farmed floodplains are comprised of many small 
patches (mean size 3.7 ± 0.3 ha), with only 13 patches ~ 9 ha. 
lt was not possible to define a consistent riparian zone in floodplain forest 
alongside two reaches of the Poerua River. Site differences due to disturbance history 
rather than overbank flooding accounted for most of the floristic variability. The 
floristic patterns observed within each site reflected a gradient of environmental 
change, with some of the variability accounted for by the limit of overbank flooding 
and sediment deposition. However floristic patterns due to proximity to the forest 
edge were the most apparent. The creation of edges in intact forest by lateral river 
movement, and their subsequent closure, appears to be a natural feature in West Coast 
riparian forest on floodplains. It is suggested that the term riparian zone is misleading 
when defining riparian forest in these situations. 
Three distinct forest communities were found to be consistent between four 
intact south Westland riparian forests, although the extent of each community differed 
among sites. Disturbance history and associated environmental change is the key 
factor determining forest composition. Two scrub-wetland communities were also 
identified, with species composition dependent on fertility and drainage gradients. 
Mean species richness ranged from 37 - 44 species forest plorl (c. 500 m2), with the 
greatest species richness in the Dacrycarpus dacrydioides - Dacrydium cupressinum 
community. 12% of New Zealand's indigenous flora occurred within these riparian 
forest systems. It is suggested that the high species richness of these forests is a 
consequence of the disturbance regime and interacting environmental gradients that 
occur at a range of scales. 
Eighteen riparian forest patches within farmland comprised three forest types, 
corresponding with the forest types that originally dominated these floodplains. 
1 
However these patches contained fewer species than intact riparian forest in south 
Westland. Only 4/18 forest patches were remnants of forest that existed prior to 
European forest clearance; 14 of the patches had regenerated following forest clearance. 
Regeneration and recruitment ofthe canopy dominants D. dacrydioides, Podocarpus 
totara and Prumnopitys taxifolia were virtually non-existent in all forest patches, 
although they had only recently (c. 50 years ago) ceased in the younger patches. It is 
suggested that in the absence of large-scale disturbance these patches are likely to 
become increasingly dominated by angiosperm species over the next 200 years. 
While forest type was found to have a strong influence on the floristic 
composition and structure of these forest patches, cattle grazing also had an effect, 
particularly through reducing species cover abundance in the shrub tier. Ungrazed 
forest patches had a significantly higher shrub cover than grazed patches (46.9% ± 
3.8% cf 20.5% ± 20.5%). A significant grazing effect was found for SchejJlera 
digitata, Cyathea smithii, Hedycara arborea and Melicytus ramiflorus, however there 
was no significant increase in cover abundance of unpalatable species in grazed 
patches. Grazing was not found to increase or decrease the seedling or sapling density 
ofthe canopy dominants (D. dacrydioides, P. totara, P. taxifolia). It is suggested that 
fencing will improve the conservation value of forest patches, although it will not 
affect the persistence ofthe canopy dominants. 
P. totara was found to be regenerating prolifically on Ulex europaeus-covered 
river terraces in south Westland, both in the presence and absence of cattle grazing. 
U europaeus cover and seedling density were significantly related at both ungrazed 
sites, but not at the grazed site. It is suggested that grazing and gorse cover facilitate 
P. totara regeneration on river terraces by providing establishment sites in ranlc grass. 
Protection of riparian forest in the West Coast agricultural landscape will need 
to be achieved within a framework of individual landowner goals, but considered at 
the landscape scale by policy makers and conservation managers. In order to retain 
and enhance nature conservation values it will be necessary to maintain the presence 
ofthe stand structural dominants, i.e. D. dacrydioides, P. totara, and P. taxifolia, in 
the landscape, and to maintain compositional diversity and vegetation condition 
within the forest patches. An adaptive management approach is suggested as the best 
way to identify and integrate conservation and production goals in these landscapes. 
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1 INTRODUCTION 
Riparian forests tend to be a mosaic of species-rich vegetation communities on 
fertile soils, which support a high diversity of resident and migratory animals, and 
provide corridors for species movement throughout the landscape (Brinson et al. 1981; 
Nilsson 1991; Malanson 1993; Naiman et al. 1993; Naiman & Decamps 1997; Brinson & 
Verhoeven 1999). Naiman et al. (1993, p.209) describe these forests as 'the most 
diverse, dynamic, and complex biophysical habitats on the terrestrial portion of the earth. 
However these forests have been extensively modified worldwide, primarily through 
clearance for agriculture (Yon & Tendron 1981), and through the protection of farmland 
and urban areas on floodplains by stopbanking (Wenger et al. 1990; Shields 1991). 
Consequently, isolated and degraded forest patches l within an agricultural matrix are all 
that remain ofthe original forest for many of the world's riparian areas (Malanson 1993). 
The loss of riparian forest in Europe is extensive, albeit difficult to quantify (Yon & 
Tendron 1981), and in the USA the national loss is estimated at 70% with up to 98% of 
natural riparian communities lost in some areas (Brinson et al1981). 
The maintenance of indigenous biodiversity within these landscapes now relies on 
the protection and enhancement of the remaining forest patches (Main 1987; Malanson 
1993; Shafer 1995; Bums et al. 2000). There is an increasing call for the protection and 
integration of such forest patches within production landscapes for the purpose of 
conservation and sustainable land management (Hobbs 1993; Hobbs & Saunders 1993; 
Norton 1998; Miller 2000; Norton & Miller 2000). However the isolation of such patches 
from the processes that formed or maintained them, and the fragmentation-induced 
changes in environmental conditions makes this a challenge (Saunders et al. 1991). 
1.1 The riparian zone: more than just the riverbank 
The traditional definition of the riparian zone is an area that is in andlor near the 
river channells and that is directly influenced in some way by the river (Malanson 1993). 
It can also include lake margins (Brinson & Verhoeven 1999; Harper & Macdonald 
2001). A comprehensive and ecologically meaningful definition is provided by Gregory 
1 The term 'patch' is used in preference to the terms 'remnant' or 'fragment' when describing an area of 
forest or stand of trees that has either become isolated through clearance of surrounding forest or has 
regenerated following initial forest clearance. 
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et al. (1991) who describe the riparian zone as a three-dimensional zone of direct 
interaction between the terrestrial and the aquatic environment. The boundaries of this 
zone extend outwards to the limits of flooding and upward into the canopy of streamside 
or floodplain vegetation (Gregory et al. 1991), and it is the lateral flow of water across 
the land when the river is in flood that distinguishes the riparian zone from the adjacent 
aquatic and terrestrial ecosystems (Ma1anson 1993). The riparian zone is viewed 
respectively as an ecosystem, a landscape, or an ecotone, sharing ecological properties of 
both terrestrial and aquatic ecosystems, but with unique ecological processes (Ma1anson 
1993; Naiman et al. 1988; Naiman & Decamps 1990). 
In most parts of the world natural riparian zones are dominated by trees, although 
they may also include wetland areas within forest (Brinson & Verhoeven 1999). Forested 
riparian zones range from thin strips along desert streams to the huge floodplain forests of 
the Amazon (Decamps 1996; Kellison et al. 1998). The width of the riparian zone is 
related to the size of the river or stream, its position in the landscape, the hydrological 
regime, and local topography. It may be small to non-existent in steep headwater streams 
that are almost entirely embedded in forest or alpine grassland, while in mid-sized rivers 
the riparian zone may be represented by a distinct band of vegetation whose width is 
determined by long-term (> 50 years) channel dynamics and the annual discharge regime. 
While there can be considerable variation in the characteristics of floodplain forests 
throughout the world (Ma1anson 1993), the riparian zone oflarge rivers or streams is 
typically characterised by well developed but physically complex floodplains with lateral 
channel migration and a diverse vegetative community (Naiman & Decamps 1997). 
Naiman et al. (1998) indicate that riparian forests are those on the active 
floodplains. However Goodwin et al. (1997) also consider that riparian areas include 
those that were formed by past fluvial action, but that may not be influenced by 
contemporary fluvial processes except during extreme flooding events or when a river 
drastically changes course (Goodwin et al. 1997). 
Riparian forest communities in the active floodplain may be ephemeral at any 
given location or point in time, however they are maintained at the landscape level as the 
river moves and they shift position (Brinson & Verhoeven 1999). For example, pioneer 
communities develop on recent alluvial surfaces following a flood or channel 
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abandonment, with succession proceeding from young to mature communities. The 
frequency and intensity of flooding, and the scale of disturbance to the existing 
vegetation, determines the successional level attained, i.e. high intensity and frequency 
flooding may maintain a young community, whereas low intensity or low frequency 
floods allow more mature communities to develop (Decamps 1993; Pettit & Froend 
2001). Further from the river non-hydrological disturbance events, such as gap formation 
through windthrow, become key drivers in forest succession and development, typically 
resulting in different forest communities (Decamps 1996). Decamps (1996) notes that 
there may also be a transition zone between the two forest communities, where 
hydrological disturbance events have more recently ceased to be dominant, as the river 
has moved away. 
Soils of major floodplains may travel long distances from their source, and vary in 
texture and minerology, whereas soils of small floodplains tend to be of local origin with 
less variation in texture and minerology, and sites are generally, but not always, less 
productive than those of major floodplains (Hodges 1998). Flooding is usually seasonal 
or infrequent in major systems, and is primarily overbank, whereas flooding is more 
frequent in smaller systems and tends to be associated with local rainfall or riverine 
sources (Brinson 1993; Hodges 1998). As flooding occurs, coarse-textured material 
drops from suspension nearest the main channel. As distance increases from the main 
channel and floodwater energy decreases, progressively finer-textured materials are 
deposited (Kellison et al. 1998). The process of flooding alters the chemical properties of 
alluvial floodplain soils by 1) depositing and replenishing mineral nutrients, 2) producing 
anaerobic conditions, and 3) importing and removing organic matter (Wharton et al. 
1982). Soil properties and topography are extremely varied, and range from perenially 
wet to well-drained soils over short distances (Gregory et al. 1991). 
The high species richness and diversity of vascular plants observed in riparian 
zones throughout the world have been attributed to four features (Naiman et al. 1993). 
These are 1) the intensity and frequency of floods, 2) small-scale variations in topography 
and soils as a result oflateral migration of river channels, 3) variations in climate and 
environmental conditions as rivers and streams flow from high to low altitudes, or across 
biomes, and 4) disturbance regimes imposed on the riparian zone by upland 
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environments. The distribution and composition of plant communities on floodplains 
therefore reflect histories of fluvial disturbances from floods and non-fluvial disturbance 
regimes such as wind throw. It is important to note at this point that riparian forests are 
not renowned for a high diversity oftrees, with nearly monotypic stands developing in 
some areas due to competitive exclusion or stressed conditions. Rather they tend to have 
a high diversity of shrubs, epiphytes, herbs, etc (Brinson & Verhoeven 1999). 
1.2 An understanding of riparian ecology in New Zealand 
Riparian research in New Zealand has been driven largely by the effects of land 
use, typically pastoral farming or exotic plantation forestry, on water quality (e.g. McColl 
et al. 1977; McColl 1978; Lambert et al. 1985; Hurne & McGlone 1986; Cook & Cooper 
1988; Cooper & Thompson 1988, 1990; Quinn & Hickey 1990; Howard-Williams 1991; 
Rowe & Fahey 1991; Fahey & Rowe 1992; Hoare & Rowe 1992; Winterbourne & Ryan 
1994; Quinn & Cooper 1997; Broekhuizen & Quinn 1998), with some research into the 
use of vegetated riparian buffers to improve runoff quality into streams (Howard-
Williams & Downes 1984; Smith 1989; Quinn et al. 1993; Cooper et al. 1996), and more 
on the effect of riverbank vegetation, including exotic species, in providing habitat for 
instream species or in structuring instream communities (e.g. Latta 1974; Winterbourne 
1976; Davis & Winterbourne 1977; Rounick & Winterbourne 1982, 1983; Rounick et al. 
1982; Winterbourne et al. 1984; Collier & Winterbourne 1986, 1987; Hanchett 1990; 
Linklater 1991; Lester 1992; Evans et al. 1993; Linklater & Winterbourne 1993; Lester et 
al. 1994a,b; Scarsbrook & Townsend 1994; Collier 1995a,b; Harding & Winterbourne 
1995; Jowett et al. 1996, 1998; Jowett & Richardson 1996; McDowall et al. 1996; 
Parkyn & Winterbourne 1997; Collier et al. 1998; Baille et al. 1999; Rowe et al. 1999). 
Smith (1993) identified that there was a need to turn such research into practical 
guidelines to assist New Zealand's resource managers. This was due to the requirements 
ofthe Resource Management Act 1991 to protect the natural character of rivers and their 
margins as a matter of national importance (section 6a) and to establish esplanade 
reserves or strips to contribute to the conservation of in stream values (s. 229). 
Consequently a two-volume manual was developed by Collier et al. (1995a) that 
synthesised national and international research and recommended measures to manage 
riparian zones. Further guidelines have been developed to restore stream shade 
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(Rutherford et a11999) and the energy balance in streams running through pasture 
(Quinn et al. 1998), with Collier (1994) providing a collection of papers on the 
restoration of in stream habitat. While Collier et al. (1995a) acknowledged the role of 
riparian vegetation in providing habitat for terrestrial species, and the flows of energy 
from the river to the land, their purpose was to assist in the rehabilitation of rivers and 
streams adversely affected by land development. 
The role of fluvial processes in structuring and maintaining riparian vegetation 
communities has been largely overlooked in research programmes to date. Most of the 
research that has occurred, has been conducted in south Westland, principally because 
this is where the greatest extent of New Zealand's remaining riparian forests occur. In 
pre-human New Zealand most lowland rivers and streams were bordered by dense native 
forest. Today most floodplains have been cleared oftheir forest cover for the 
development of pasture, and introduced willows (Salix spp.) are now the most common 
trees on river banks (MfE 1997; Park 1984; Collier & McColl 1992; Norton & Miller 
2000). Floodplain forests in south Westland have been recognised as distinct 
communities (Duncan et al., 1990; Norton & Leathwick, 1990), and contain more than 70 
vascular plant species, a species richness that is indicative of fertility (Wardle 1991). It 
has long been known that catastrophic floods destroy large areas of these floodplain 
forest (Foweraker 1929; Wardle 1974), but it has only been recently that the role of the 
disturbance regime in perpetuating and structuring these forests has been understood 
(Duncan 1993). Bray et al. (1994) subsequently found that the disturbance regime also 
influences regeneration patterns in alluvial gaps in temperate rain forest, north-west 
Nelson. Duncan (1993) predicted that in the absence of catastrophic disturbance south 
Westland riparian forests would become dominated by angiosperm species, as podocarps 
senesced and died. 
1.3 Understanding pattern and process: the key to forest patch management 
For most of New Zealand only small patches of riparian forest remain within a 
matrix of farmland (Park 1984, 1995). Protecting riparian forest patches is a stated 
conservation priority in New Zealand's State of the Environment report (MfE 1997) and 
Biodiversity Strategy (Anon. 2000). Smith (1993) has identified that there is a significant 
lack of knowledge among New Zealand resource managers of what is required to protect 
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or maintain native riparian flora and fauna in the landscape, and this extends to forest 
patches (e.g. Miller 2000). 
Main (1987) has suggested that the two key conservation roles of native forest 
patches are to retain an array of examples of native vegetation that existed more widely 
before forest clearance and to provide habitat to ensure the persistence of native species 
in the landscape. However, changed environmental conditions, including new or 
disrupted, disturbance regimes mean that natural processes are unlikely to be maintained 
in these patches (Hobbs 1987; Saunders et at. 1991), and management will usually be 
required to achieve or maintain a desired condition (Hobbs & Mooney 1993). 
It is fair to say that only recently have studies of forest patches been conducted 
with management in mind. Prior to this many simply described floristic structure and 
composition (e.g. Esler 1962; Druce 1966; Duguid & Druce 1966; Boase 1985; Smale 
1984; Clarkson & Clarkson 1991). Hobbs (2001) notes that the most effective approach 
to understanding and developing management guidelines for fragmented or varigated 
landscapes is to study both the spatial arrangement and the internal condition of patches 
in the landscape. Hobbs & Morton (1999) and Hobbs & O'Connor (1999) both comment 
that understanding the patterns and processes in natural analogues of the fragmented 
systems will also help in setting management goals and identifying possible issues and 
options. 
Several studies have examined the effects of fragmentation on processes 
occurring within forest patches and the effect on the biota. For example Timmins & 
Williams (1987, 1991) found that canopy gaps and margins were particularly susceptible 
to invasion by adventive species, while Young & Mitchell (1994) found that forest 
patches in Northland ~ 9 ha, are likely to be dominated by edge conditions. Denyer 
(2000) examined forest patches in the Waikato and found that only 22% of the small 
forest patches would retain interior conditions. Edge effects were found to be 
significantly reduced when these patches were adj acent to or surrounded by Pinus radiata 
plantation forest. The challenges of managing forest patches in urban or peri-urban 
environments have been addressed by Whaley et at (1997), Smale & Gardner (1999) and 
Norton (2000). Norton (2000) also examined the spatial attributes of patches subject to 
urban expansion. 
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Few studies have specifically looked at riparian forest patches and the processes 
responsible for forming and maintaining them (Smale 1984; Ebbett 1998; Bums et at. 
1999,2000). Smale (1984) observed the legacy of past catastrophic disturbance in a 
riparian forest remnant in the Bay of Plenty, noting that there had been mass recruitment 
of Dacrycarpus dacrydioides c.300 years BP, but that there had been little recruitment 
since then. He suggested that the dense canopy inhibited sapling growth. Ebbett (1998) 
examined the ecology of P. totara forest patches in the South Island, and concluded that 
regeneration ofthis species was a consequence of seedling dispersal to preferred 
micro sites and disturbance history. Like D. dacrydioides, regeneration of P. to tara did 
not occur under a closed canopy. Willems (1999) looked at regeneration dynamics in 
several forest patches on Banks Peninsula and concluded that in the absence of a major 
disturbance, the podocarp component of these would continue to decline, with the 
composition shifting to dominance by angiosperm species (cl Duncan 1993). 
Only two New Zealand studies have sought to link the spatial arrangement of 
forest patches in the landscape, with their landscape history and internal conditions 
(Bums et at. 1999,2000). Bums et at. (1999) considered that the probability ofrare or 
local plants occurring in D. dacrydioides forest patches depended on the historically-
determined species pool, availability of preferred establishment sites, and whether the 
forest patch was a renmant of 'old growth' forest or second growth following landscape 
clearance. Bums et at. (2000) found that D. dacrydioides forest patches in the Waikato 
represent a small part of the former diversity of forest types in the region, and that most 
of these patches had established after initial land clearance c.125 years BP. They also 
found that the diversity and abundance of indigenous plants and animals was lower in the 
patches that were grazed (Bums et at. 2000). 
1.4 Objectives and structure of this thesis 
This thesis has two key objectives: 
1) To determine the spatial extent and characteristics of riparian forest on the 
South Island's West Coast (chapters 2-4). 
2) To examine the ecological status and condition of riparian forest patches 
within the West Coast's agriculture landscape (chapters 5-7). 
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The infonnation derived from this thesis is intended to initiate the development of 
a conservation strategy for the riparian forests of the West Coast on agricultural land. A 
conservation strategy requires more than legal reservation because of the changed 
environmental conditions following vegetation clearance and land development 
(Saunders et al. 1991) and because most patches are on private land. Alternative 
conservation goals and management strategies need to be developed for such situations 
(Norton & Miller 2000). These goals and strategies should be based on a good 
knowledge of spatial extent and distribution of forest patches and an understanding of the 
ecological and socio-economic processes that maintain or degrade them (Hobbs 1994; 
Fonnan & Collinge 1996; Hobbs 2001). 
Each chapter of this thesis is intended to be able to be read as a stand-alone piece 
of research, but with each being an integral part of the whole. Consequently there may be 
repetition of some material. I specifically address questions about riparian forest in the 
Westland district of the West Coast (Fig 2.1), but in a way that is meaningful for 
conservation management throughout the whole region. 
Chapter Two quantifies the spatial extent and distribution of forest and forest patches on 
the floodplains of the West Coast. It also discusses attributes of the physical and social 
geography of the region that have influenced the current spatial extent of this forest. 
Chapter Three detennines whether a spatially definable riparian zone can be identified 
for a floodplain forest in south Westland, based on the occurrence, composition and 
abundance of plant species. The objectives are to: 
• characterise the composition and abundance of woody species along a spatial gradient 
from the riverbank into the forest; 
• detennine whether there is a distinct riparian zone independent of an edge effect. 
Chapter Four examines floristic patterns of four intact floodplain forests in part of the 
Westland district known as South Westland. The objectives are to: 
• describe the plant communities 
• examine the effect of drainage on the observed floristic patterns, and 
• examine patterns of species richness within and between the forests. 
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Chapter Five uses a stand dynamics approach to examine the history of a representative 
sample of riparian podocarp forest patches and to predict their likely future development. 
Three questions are asked: 
• Are these forest patches remnants of old growth forest, or have they established since 
forest clearance? 
• Is there evidence of ongoing regeneration and recruitment of the podocarps D. 
dacrydioides, P. totara, and P. taxifolia in these patches? 
• Are the biological communities within these forest patches representative of intact 
riparian forest communities elsewhere in south Westland? 
Chapter Six examines the effect of cattle grazing on the presence and abundance of 
palatable and unpalatable species and on regeneration of podocarp species. Based on the 
knowledge that grazing was likely to have an effect on the vegetation within forest 
patches, two hypotheses were posed: 
• That total vegetation abundance in the understorey (the browse tier) will be higher in 
ungrazed forest patches than in grazed forest patches. 
• That individual species identified as palatable will be less abundant in grazed forest 
patches than ungrazed forest patches. 
Chapter Seven examines the effect of grazing on the regeneration oftotara (Podocarpus 
to tara var waihoensis) adjacent to two South Westland rivers. It also considers the role 
of an exotic species, gorse (Ulex europeaus), in providing establishment sites for seedling 
recruitment. The specific objectives are to: 
• Determine whether grazing is having a positive or negative effect on the recruitment 
and regeneration of P. to tara var waihoensis; 
• Determine whether the number of seedlings, saplings and trees was related to Ulex 
europaeus cover. 
Chapter Eight concludes this programme of research. This chapter considers the 
answers to the research objectives, questions or hypotheses addressed in the preceding 
chapters, and integrates them into a management context. 
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2 THE SPATIAL EXTENT OF WEST COAST RIPARIAN 
FORESTl 
2.1 INTRODUCTION 
For many of the world's riparian areas the original forest is now represented 
by isolated degraded patches within an agricultural matrix (Malanson 1993), and the 
maintenance of indigenous biodiversity within these landscapes relies heavily on the 
protection and enhancement of the forest patches (e.g. Shafer 1995; Bums et at. 
2000). There is an increasing call for the protection and integration of such forest 
patches within production landscapes for the purpose of conservation and sustainable 
land management (e.g. Hobbs 1993; Hobbs & Saunders 1993; Norton 1998; Miller 
2000; Norton & Miller, 2000). However their isolation from the processes that formed 
or maintained them and the advent of changed environmental conditions through 
fragmentation and land use makes this a challenge (e.g. Saunders et at. 1991). 
New Zealand's alluvial floodplains were targeted for farm development, 
following European colonisation (c. 1840s) because of their fertility and easy access. 
Within the last 160 years the diverse, species rich, beech (Nothofagus spp.) and/or 
podocarp (Podocarpaceae) forest associations that covered the floodplains (Wardle 
1991) have typically been cleared to the river's edge. The remnants of these are 
recognised as a priority for protection in New Zealand because of their potential 
contribution to nature conservation and because they are under-represented in the 
contemporary landscape and in conservation reserves (Park 1983; Smale 1984; 
Awimbo et at. 1996; Mffi 1997; Anon. 2000; Bums et at. 2000; Smith & Norton 
2001). 
This chapter discusses the social and physical geography of the West Coast 
region (Fig. 2.1) and quantifies the spatial extent of all forest on the floodplains of the 
region. Some of the issues associated with the location, size and management of 
forest patches are discussed. 
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Figure 2.1: The West Coast, including place names mentioned in the text, and its location in the South 
Island, New Zealand. The bold line is the Department of Conservation Boundary, while the medium 
line indicates regional and district boundaries. 
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2.2 PHYSICAL AND SOCIAL GEOGRAPHY OF THE WEST COAST 
The West Coast region, made up of the Buller, Grey, and Westland land 
districts, extends over a distance of 600 km of New Zealand's South Island, from 
Kahurangi Point in the north to Awarua Point in the south (Figure 2.1). It is defined by 
its position between the main divide of the Southern Alps and the Tasman Sea. The 
Southern Alps reach 3753 m at their highest point (Mt Cook) and are rising at up to 
15-20 mm yr-l (Whitehouse 1985). The population is c. 35,000. This study uses the 
boundary of the West Coast Conservancy of New Zealand's Department of 
Conservation. Some 84% of the West Coast's land area (2 million ha) is managed by 
the Department of Conservation, although much of this is montane and alpine. The 
West Coast has been divided into 34 Ecological Districts (EDs) on the basis of 
characteristic landscapes and biological communities. EDs are a biogeographic 
framework established primarily to ensure that New Zealand's protected area network 
is representative of the ecological diversity of the country (McEwen 1987). 
Plate 2.1: The relationship between river, floodplain, forest patches, farmland, and the 
Southern Alps is evident in this photo near Whataroa. 
The West Coast is fully exposed to the prevailing westerly winds, leading to 
rainfall on more than 150 days of the year, and an annual precipitation of > 10 OOOmm 
at places in the Southern Alps (Griffiths & McSaveney 1983). Rainfall in the lowlands 
is a more moderate 2000 - 4000mm yr-l (Tomlinson & Sansom 1994). The climate is 
mild, moderated by the maritime winds, with the mean annual temperature ranging 
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from 12.1 °C in the north to 11.0 °C in the south, and an average 1900 hours of 
sunshine yr-! . Due to the high rainfall West Coast soils are generally leached and 
infertile podsolised yellow brown earths or gley podsols. The most fertile and free 
draining soils occur on the recent alluvial terraces and fans (Mew 1980). 
Much ofthe lowland landscape «500 m asl) of the central and southern West 
Coast is dominated by glacially derived moraine hills and terraces and alluvial valleys 
and plains resulting from post-glacial deposition and dissection (Soons 1992). 
Northern West Coast is more variable with a parallel sequence of synclinal 
depressions and north-ward trending anticlinal mountain ranges, coastal marine 
terraces, closely dissected gravel hills, and less extensive floodplains. 
West Coast rivers tend to be steeply graded, and the distance from source to 
sea seldom exceeds 50 km. North ofHokitika the floodplains tend to be narrow 
ribbons where post-glacial rivers have cut into the outwash deposit of the last glacial 
advance. From Hokitika south the floodplains are broader, up to 12 kilometres across 
in places, and up to 20 kilometres in distance from mountains to the sea. The 
floodplains tend to be constricted between the bases of glacial moraines as they 
approach the sea. Most of the larger river systems arise above the treeline in steep 
alpine catchments (Winterbourne & Ryan 1994). Flood flows are frequent and high, 
and sediment yields are amongst some of the highest in the world (Griffiths 1979). 
The erosion rate is high, with the catchments of some of the wettest parts of the 
Southern Alps yielding up to 15 000 t km-2 of sediment yr-!, or the equivalent of 
lowering the ground surface by up to 12 mm annually (Whitehouse 1985). 
The rocks of the Southern Alps are granite, greywacke and schist, while 
sedimentary rock and unconsolidated sediments are found in the lowlands « 500 m 
asl) (Soons 1992). The soil groups of the lowlands include gleyed recent soils, gley 
soils, organic soils, yellow-brown earths, podzols and gley podzols (Mew & Palmer 
1989). In Buller the floodplains are dominated by well-drained recent soils, with 
gleyed recent soils found in hollows on the floodplain (Mew & Ross 1980). Gleyed 
recent soils are dominant in some minor river valleys or back swamps, and become 
increasingly dominant further south. In the south of Westland the soils of the 
floodplains tend to be dominated by gleyed recent soils. Coarse textured recent 
alluvial soils are found within narrow bands close to the main river channels, often in 
the form oflevees (Palmer et at. 1986). There are no well-drained soils on floodplains 
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south of the Karangarua River (Mew & Palmer 1989). Organic soils are found on 
some floodplains, further from the river (Mew & Palmer 1989). Due to high rainfall 
and the rapid weathering of schist gravels, soil formation is more rapid in Westland 
than Grey or Buller (Mew & Palmer 1989). 
There is a close relationship between landform, soil, and vegetation patterns in 
Westland (Wardle 1977, 1980; Smith & Lee 1984; Sowden 1986; Basher 1986, 
Stewart & Harrison 1987; Duncan et at. 1990; Norton & Leathwick 1990), with the 
floodplains containing distinct communities (Wardle 1974; Duncan et at. 1990; 
Norton & Leathwick 1990). Beech-podocarp forests, dominated by Nothofagusfusca 
(red beech), N menziesii (silver beech), Podocarpus totara var. waihoensis and var. 
totara (totara), and Prumnopitys taxifolia (matai), grow or grew on the well drained 
alluvial soils over much of the West Coast. Dacrycarpus dacrydioides (kahikatea) 
forests dominate the wetter, siltier, alluvial soils (Wardle 1974). Beech forest is 
naturally absent between the Taramakau River and Lake Paringa in south Westland, 
being replaced by P. taxifolia, P. totara andD. dacrydioides (Wardle 1974). 
Not all of the West Coast's floodplains were covered with forest prior to 
human arrival. Temperature inversions in some montane valley floodplains caused 
succession to grassland or shrubland rather than forest, and in the lowlands newly 
deposited surfaces were successively colonised in a moving mosaic by bryophytes, 
grasses, and shrubs, until forest dominated several hundred years later (Wardle 1974, 
1980, 1991). 
The development of agriculture on the West Coast occurred later than in the 
rest of New Zealand due to harsh environmental conditions, isolation from markets, 
and statutory restrictions on disposal of crown land. Small-scale agriculture began 
about 1864 when the first gold rush provided a market. By the 1860s-1870s small 
leasehold and freehold farms were taken up in Grey and Buller, and by 1880 there was 
c.36 OOOha of freehold or leasehold land. Farm development focussed on the 
floodplains because the soil was relatively fertile and free draining, however 
development occurred as widely dispersed piecemeal nibbling at the forest edges 
rather than as the steady advance of an agricultural frontier (McCaski111960). 
Between 1900-1914 agriculture played a greater role in the West Coast's 
economy with an expansion of the area cleared and farmed, and the intensification of 
production on existing farms. During this time the area of 'improved' farmland 
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increased by 77%, whereas the average increase in the area of improved farmland in 
the rest of New Zealand was 27% (McCaski111960). 
By 1914 virtually all the alluvial soils in the West Coast, apart from swamps 
(including most of the southern forests), had been freeholded. Farmers aimed for a 
complete conversion of riparian forest to a grass sward, although many clumps and 
individual trees were left for stock shelter or firewood, and primary bush clearance in 
Westland continued until the 1930s. Some large areas of dense conifer forest were 
left, particularly in the wet areas, however many of these areas were sold to timber 
millers during the depression years of the 1930s (McCaski111960). 
A revival in farm development in the 1950s caused farmers to convert much 
remaining forest and regenerating scrub to pasture (Rajasekar et at. 1983), which 
resulted in a 'tidier farm landscape' (McCaski111960). During the 1970s and early 
1980s the Government offered subsidies for bringing marginal land into production 
resulting in the further clearance of forest and regenerating shrub lands, and the 
drainage of wetlands. These subsidies were removed in the mid 1980s, and land 
development slowed. Nevertheless, pastoral farming is a major contributor to the 
regional economy, a region where only 11 % of the land is in private ownership 
(Narayan 1992, 1998). Recent improvements in the dairy export market have resulted 
in calls to bring more land, particularly on 'undeveloped' floodplains, into dairy 
production, and the advent of new land preparation techniques such as 'humping and 
hollowing' permit development of previously poorly drained sites. 
Corresponding with this has been a statutory requirement (section 6, Resource 
Management Act 1991) for territorial authorities to identify and protect significant 
indigenous vegetation and significant habitats of indigenous species. West Coast 
territorial authorities have commenced a process to do this and riparian/floodplain 
forest is recognised as a priority (Norton & Smith 2001). 
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2.3 METHOD 
Arc View 3.1 was used to create a series ofthemes with data from the national 
Land Cover Database (LCDB) (Table 2.1) and Land Resource Inventory (LRI) (MWD 
1979) within the boundary of the Department of Conservation's West Coast 
Conservancy. This boundary largely conforms to the boundaries of the West Coast's 
regional and local government authorities. The LCDB is a digital thematic map of 
Land Cover derived from current (1999) satellite imagery. It has a minimum mapping 
unit of one hectare, classification accuracy of greater than 90%, and a positional 
accuracy of± 25 metres. The LRI is a national dataset containing information on rock 
type, soil type, slope, degree and type of erosion, and vegetation. The linear distance 
of rivers and streams was obtained from the 1:50000 map series (in vector format). 
Table 2.1: Land cover classifications and descriptors for the West Coast. 
Land Cover classification Description 
Forest Forest cover dominated by tall indigenous canopy forest species. 




is >20%, and shrub cover exceeds any other growth form. Includes 
indigenous and exotic species. 
Exotic pasture, including arable land. 
Wetlands inundated with salt or freshwater 
Built up areas, including sports fields and parks 
The first theme provided data on the extent and percent cover of inter alia 
forest, scrub, freshwater wetlands, farmland, and urban areas within the West Coast. 
The second theme provided data on the extent and percent cover of these classes on 
the floodplains (where forest is defined as riparian). In order to develop the second 
theme the forest, scrub, and farmland classifications from the LCDB were 
incorporated with data on recent alluvial soils, <1000 years old, from the LRI. Finally, 
a theme of riparian forest patches remaining within farmland on the floodplains was 
derived from the previous two themes. 
These three themes provided data on the spatial extent of riparian forest at a 
regional scale, Ecological District (ED) scale (data from seven EDs that are either 
only partially found within the West Coast boundary, or do not have floodplains, were 
excluded.), and patch scale. Spearmans rank correlation was used to examine the 
relationship between the proportion of riparian forest remaining and the proportion of 
farmland on the floodplains by ED. 
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2.4 RESULTS 
The land area within the study boundary is c.2.39 million ha (Table 2.2), of 
which over 1.4 million ha (59%) is indigenous forest, and 266,961 ha (11 %) is in 
indigenous or exotic shrub cover. Floodplains account for 151,023 ha (6%), and there 
are 43,493 km of rivers and streams. Wetlands have been extensively modified 
throughout the region and now occupy 0.8% of the land area. The West Coast's small 
population accounts for the low urban area at just 0.09% of the total land area. 
Table 2.2: The extent and percentage cover of indigenous forest, scrub, wetlands, fannland, and urban 
areas, within the boundary of the West Coast Conservancy, Department of Conservation. 
Total land area 
Indigenous forest 
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While just 7%, or 162,200 ha, of the West Coast has been developed for 
agriculture, 53% ofthe region's floodplains have been converted from indigenous 
forest to farmland (Table 2.2). Twenty two percent of the floodplains retain 
indigenous forest cover, and 10% ofthe floodplains are shrublands, ranging from 
exotic Ulex europaeus (gorse) in river beds and regenerating indigenous forest on 
farmland, through to natural shrub mosaics within intact indigenous forest. Wetlands 
are a characteristic feature of alluvial soils, occupying 6% ofthe land area, and 
accounting for 44% of the West Coast's remaining wetlands. This figure is 
conservative because the LCDB classifies land on the basis of vegetative cover rather 
than hydrology. Many of the south WestlandD. dacrydioides forests or 
Leptospermum scoparium (manuka) shrub ecotones bordering wetlands could also be 
classified as wetlands (P. Gerbeaux,pers comm. 2000). Urban development on 
floodplains is limited at 0.1 %. 
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Figure 2.2 shows the relative proportions of agricultural land and riparian 
forest on the floodplains by Ecological District. The EDs are ranked in order of 
proportion of riparian forest remaining and the gradient is largely north-south, with 
the greatest proportion of riparian forest remaining on the south Westland floodplains. 
14 ofthe twenty seven EDs had < 20% of their riparian forest remaining, while 24 
EDs had < 50% of their riparian forest remaining. The proportion of riparian forest 
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Figure 2.2: Proportion of riparian forest remaining on the floodplains relative to the proportion of 
farmland, within 27 West Coast Ecological Districts. Seven Ecological Districts that are either only 
partially found on the West Coast, or do not have floodplains, are excluded. 
Small patches of indigenous forest are a characteristic but relatively small 
feature of West Coast farmland. The total riparian forest area within farmland is 1,195 
ha, or 0.8% of the total farmed floodplain area. Forest patches tend to be smaller and 
slightly less numerous on the floodplains (3.7 ± 0.34 ha and 232) than on farmland in 
general (7.7 ± 0.91 ha and 545) (Table 2.3). Over 70% of the riparian forest patches 
are ~ 5 ha with only 29 patches (l3%) >9 ha (Table 2.3). 
Table 2.3: Patch characteristics of indigenous forest within agricultural land 
Agricultural land on Total agricultural land 
Indigenous forest 
% of total indigenous forest 
No. forest patches 
Mean patch size ± 1 s.e. 














Lowland riparian forests are one of New Zealand's most threatened 
ecosystems, due to large-scale clearance and development for agriculture, and 
consequently one of the highest priorities for protection (Park 1983; Mill 1997; Anon. 
2000). They are certainly regarded as a priority for protection on the West Coast, 
although it has not yet been determined which patches should be protected, and how 
(Norton & Smith 2001). This study is the first to comprehensively quantify the extent 
of riparian forest on the West Coast's floodplains, extending the work of Park & 
Walls (1977), McSweeney (1982), and Awimbo et al. (1996). It confirms that riparian 
forest is under-represented relative to its past extent within many of the West Coast's 
EDs and that where riparian forest occurs within farmland, it is as small patches. 
Management of these patches will be essential for protecting their nature conservation 
values within the landscape. 
The majority of the West Coast's, and indeed New Zealand's, remaining intact 
lowland riparian forests are found in south Westland (Table 2.2; Wardle 1974) and are 
protected within the public conservation estate. Most of these D. dacrydioides-D. 
cupressinum dominant forests (Chapter 4) remain due to a combination of their 
relative isolation during the farm establishment phase, extremely wet soils, and the 
collapse of the butter-box industry (Wardle 1974). The extensive lowland podocarp 
forests of south Westland, including those of the floodplains, are of international 
significance and contributed to the designation ofthis region as the Te Wahipounamu 
World Heritage Area by UNESCO in 1990. 
The environmental limitations to agriculture on the West Coast have meant 
that the extent of developed farmland in general is very low at 7% relative to the 
national average of 52% (Mill 1997). At 6% of the land area, the floodplains are only 
a small component of the landscape, but they were essential for the development of 
agriculture due to the limited availability of suitable soils (McCaskill 1960). Wherever 
possible riparian forest was cleared and the floodplains converted to pasture, leaving 
only small patches or individual trees. Pastoral agriculture now dominates 53% of the 
region'S floodplains (Table 2.2). 
The riparian forests of central and northern West Coast floodplains, where 
farm development was most intensive, are now poorly represented both in extent 
(Figure 2.2) and within conservation reserves. In particular, P. totara - P. taxifolia 
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forest associations are poorly represented with < 2% (c. 600 ha) remaining 
(McSweeney 1982). These forests occupied the driest alluvial soils and were targeted 
first for development. This forest type no longer occurs in the Hokitika ED, a fact 
which lead Awimbo et al. (1996) to note that the 'overwhelming under-
representativeness' of indigenous forest on alluvial soils made such forest patches a 
priority for protection and/or restoration. 
Patches of riparian forest within farmland are a small component of the total 
land area, particularly when compared with the mean area and size of patches for all 
agricultural land (Table 2.3). Nevertheless the statistics compare favourably with 
other parts of New Zealand. Park & Walls (1978) concluded from a survey ofthe 
Nelson and Marlborough land districts, which included part of the Buller district, that 
almost all of the tall forest on alluvial sites had been cleared, drained or selectively 
logged to the extent that most patches were too small to be viable for nature 
conservation. They noted that the better sites were restricted to the montane river 
valleys between the heavily forested mountains that dominate the region. 
Bums et al. (2000) found that there were only 116, D. dacrydioides-dominant, 
forest patches with a mean size of 1.1 ha in the former Waipa District (Waikato), an 
extensive dairy farming region of the North Island. These patches occupied 126 ha, or 
0.15% of the land area, and 70% ofthe patches were <1 ha. White Pine Bush, at 4.5 
ha, is the best and largest representative of riparian forest on farmland in the Bay of 
Plenty, although riparian forest occurs in the montane valleys of the Urewera National 
Park (Smale 1984, Smale pers. comm. 2000). On the Canterbury Plains indigenous 
forest is virtually non-existent, and willows are the predominant riparian trees (Norton 
& Miller 2000). 
2.5.1 Conservation Issues 
If a general conservation goal for the West Coast is to protect riparian forest 
within these landscapes, then there are two specific issues that will need to be 
addressed. The first is to maintain stand structural dominants, i.e. D. dacrydioides, P. 
totara and P. taxifolia, through the protection of forest patches and ensuring the 
regeneration of all key structural species. The second is to protect and maintain the 
forest communities within each patch. 
Current research suggests that because of changed disturbance regimes 
existing forest patches may become dominated by angiosperm trees with the 
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podocarps increasingly being represented by a few senescing trees and suppressed 
seedlings. Duncan (1993) found that the frequency and intensity of flood disturbance 
were key factors in detennining the structure and composition of intact floodplain 
forests in south Westland, and predicted that angiospenn species would attain 
dominance in the absence of flood disturbance. Willems (1999) found that this was 
occurring in forest patches on Banks Peninsula. Management of aging stands, for 
example, may require mimicking catastrophic disturbance, perhaps through the 
removal of some of the canopy. 
It may also be necessary to protect or manage successional or disturbed sites, 
as regeneration through shrubs is part ofthe succession to podocarp forest (Wardle 
1974, 1980; Chapter 7). This may be less desirable to landowners than protecting 
existing forest patches, as these sites are often perceived as land of low conservation 
value, suitable only for development. This attitude is epitomised by the fate of a large 
D. dacrydioides stand on public conservation land in south Westland. This stand 
occurred in a large grassland area grazed under license, which was destroyed by the 
Cook River in 1988. Soon after the flood event persons unlmown oversowed the area 
with grass seed. Unless there is a specific management agreement on private land that 
protects key successional areas, podocarp regeneration and stand development may be 
limited to existing forest patches. 
Patch size, with associated environmental conditions, has been identified as a 
key factor affecting the type of species that can survive in forest patches (Saunders et 
al. 1991; Young & Mitchell 1994; Murcia 1995; Davies-Colley et al. 2000; Denyer 
2000). For example, Young & Mitchell (1994) have demonstrated that patches S:9 ha 
are increasingly dominated by edge or generalist species, and that patches <1 ha have 
total edge conditions. Hobbs (1993) has suggested that revegetating buffer zones 
around forest patches is one way to increase their size and provide interior conditions. 
Denyer (2000) found that 80% of native forest in the Waikato region occurred as 
small forest patches, and that only 22% ofthe vegetation within these patches could 
be considered to be subject to interior environmental conditions. When these patches 
were surrounded by or adjacent to Pinus radiata plantations edge effects were 
reduced, thereby increasing the effective interior conditions. For the West Coast, the 
maintenance of interior forest communities would require protection of the few 
remaining forest patches that are >9 ha, and the creation of buffers around smaller 
2-12 
patches. This could be achieved through revegetation or natural succession of native 
species, or the establishment of appropriately managed plantation species (Norton 
1998). 
Grazing by cattle (Bas taurus) may be another factor influencing the structure 
and composition within these forest patches. Grazing has the potential to directly 
affect species abundance and may also disrupt the resource regulatory processes that 
maintain natural species composition and dynamics (Pettit et al. 1995; Yates et al. 
2000). In New Zealand it has been suggested that grazing may affect the development 
of forests by removing or, alternatively, enhancing the regeneration of canopy species 
(Harrison-Smith 1944; Beveridge 1973; McSweeny 1982). But it is known that 
grazed forest patches tend to have an open understorey, have fewer native species, and 
have a higher number of weeds than ungrazed patches (Bums et al. 2000; Harris & 
Bums 2000). Because many West Coast farmers consider grazing in forest patches a 
traditional farming practice, there may be some resistance to calls for wide-scale 
fencing of forest patches. 
2.6 CONCLUSION 
Riparian forest within West Coast farmland occurs as small patches widely 
dispersed throughout the landscape. Consequently there are a number of issues 
related to patch size, isolation from fluvial processes, and farm management practices, 
that conservation managers will need to consider. On a positive note, the remaining 
riparian forest patches of the West Coast offer one of the greatest opportunities for 
protection of this forest type within farmland in New Zealand. Recognising their role 
in maintaining biodiversity is important, and there are compelling reasons to maintain 
both large and small riparian forest patches in the landscape (Shafer 1995). 
Because protection of these forest patches requires active management, not 
just legal reservation, and the majority of patches are on private land, it will be 
necessary for territorial authorities to work closely with landowners to develop 
strategies for integrating nature conservation within their land management practises. 
This will require consideration of the aspirations and economic goals of landowners, 
and the development of pragmatic but visionary conservation goals for the landscape. 
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3 RIPARIAN ZONE OR EDGE? VEGETATION PATTERNS OF 
THE POERUA RIVER, SOUTH WESTLAND 
3.1 INTRODUCTION 
Riparian vegetation is traditionally defined as the vegetation immediately 
adjacent to a river (Malanson 1993) and there is a general perception amongst 
resource managers in New Zealand that this vegetation is unique, and that it should be 
protected (Smith 1993). This is reflected in the Resource Management Act (1991) 
which requires the protection of the natural character of rivers and their margins 
(s.6a), although the extent ofthis margin is not defined. Interest in the riparian zone 
by conservation managers is justified, as it is recognised as one of 'the most diverse, 
dynamic, and complex biophysical habitats on the terrestrial portion of the earth' 
(Naiman et at. 1993); a mosaic of species-rich plant communities on fertile soils 
(Brinson et at. 1981; Nilsson 1991; Malanson 1993; Naiman & Decamps 1997; 
Brinson & Verhoeven 1999). 
The limit of flooding isa major defining feature of the riparian zone (Gregory 
et at. 1991), with the width of the riparian zone related to the size ofthe river or 
stream, its position in the landscape, the hydrological regime, and local topography. It 
may be small to non-existent in steep headwater streams that are almost entirely 
embedded in forest or alpine vegetation, while in mid-sized rivers the riparian zone is 
represented by a distinct band of vegetation whose width is determined by long-term 
channel dynamics (>50 years) and the annual discharge regime. The riparian zone of 
large rivers or streams is characterised by well developed but physically complex 
floodplains with long periods of seasonal flooding, lateral channel migration, diverse 
vegetative communities, and moist soils (Naiman & Decamps 1997). 
In general, the vegetation on surfaces close to an active river channel tend to 
be characterised by higher species richness, and younger stands of shrubs and trees, 
whereas floodplains further from the active channel may contain less species rich, 
older plant communities (Kovalchik & Chitwood 1990; Gregory et at. 1991). 
However, when interpreting patterns in the riparian zone it is important to consider the 
influence of edge dynamics. Spatial and temporal instability due to occasional 
catastrophic flooding and lateral river movement is a major feature of the riparian 
zone (Pinay et at. 1990; Gregory et at. 1991; Malanson 1993). The lateral meandering 
of a river can effectively create edges in formerly interior forest (Gregory et at. 1991; 
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Kupfer & Malanson 1993). Harper & MacDonald (2001) studied a lakeshore riparian 
forest and found that there was a distinct lakeshore edge community with greater 
structural diversity and more saplings and mid-canopy trees, but they attributed these 
patterns to differential shade tolerance rather than any riparian characteristics. 
The creation of edges by humans in formerly intact forest is of particular 
concern to conservation managers and 'edge effects' have been the subject of much 
research (Murcia 1995; Debinski & Holt 1999). Edge effects, or changed 
environmental conditions, are usually assumed to be deleterious, particularly for 
organisms requiring interior conditions, in forest remnants (Murcia 1995; Debinski & 
Holt 1999). Several studies have recorded microclimate changes extending 50-60 m 
into forest remnants (reviewed in Murcia 1995) while Didham and Lawton (1999) and 
Chen et al. (1995) recorded microclimate effects extending 180 m and 240 m in from 
edges, respectively. In New Zealand Young & Mitchell (1994), Davies-Colley et al. 
(2000), Denyer (2000), and Norton (2002) found that the most pronounced changes in 
microclimate (e.g. increased light levels, increased windflow and increased 
temperature fluctuations) occurred within the first 10m, although elevated 
temperatures and vapour pressure deficits were still apparent 40-60 m into remnants. 
One consequence of changes in microclimate at or near forest edges is changes in the 
plant community present (Saunders et al. 1991; Murcia 1995). 
The distribution of species at or near the edge often changes after edge 
creation, with some plants being absent or at lower densities near the edge (Ranney et 
al. 1981; Chen et al. 1992; MacDougal & Kellman 1992; Matlack 1994), some may 
have an increased density (Ranney et al. 1981; Chen et al. 1992), while others may 
not change at all (Ranney et al. 1981). Gehlhausen et al. (2000) found that 
micro climatic factors, associated with the edge of two forest patches, and patterns of 
species richness were correlated, but had different depths of edge influence. Weathers 
et al. (2001) found that edges acted as sites of concentration of nutrients and fluxes 
which they considered may have cascading effects on soil nutrient cycling, microbial 
activity, seedling dominance, and other ecological processes. 
The distribution, density, and composition of species at a forest edge may also 
affect, and be affected by, herbivore browsing. Cadenasso & Pickett (2000) found 
that browsing by voles was concentrated at the edge of two study forests, and they did 
not browse in the forest interior, whereas white tailed deer browsed significantly more 
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seedlings in the forest interior than the edge. Seedlings browsed by deer were more 
likely to recover than those browsed by voles. 
Many studies have demonstrated that in temperate and tropical forests, stem 
densities and basal areas are higher within 20m of the edge (Ranney et at. 1981; Palik 
& Murphy 1990; Williams-Linera 1990; Matlack 1994). Young & Mitchell (1994) 
reported that the overall density and basal area of mature individuals was higher at the 
forest edge than the forest interior, and that there were some differences in species 
composition between edge and interior plots. Denyer (2000) also found that stem 
density was greater in edge plots than interior plots and that there were marked 
floristic differences between edge and interior plots, but did not find any difference in 
basal area. Davies-Colley et at. (2000) also observed a higher stem density, higher 
species richness, and a shift in species composition towards plants at the forest edge 
that normally occupy treefall gaps in the interior of a forest. They also observed that 
the basal area of trees in edge plots was similar to basal area in interior forest plots. 
Over time an 'edge canopy', often dominated by shrubs, tends to form as plants grow 
in response to high light exposure at the forest edge. This may buffer or even seal the 
edge from light and wind (Matlack & Litvaitis 1999; Norton 2002). 
This study seeks to examine whether it is possible to identify a specific 
riparian zone that is independent of an edge effect in a continuously forested area on 
the Poerua River floodplain, south Westland. The specific objectives are to: 
• Characterise the composition and abundance of woody species along a spatial 
gradient from the riverbank into the forest; 
• Determine whether there is a distinct riparian zone independent of an edge effect. 
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3.2 STUDY AREA 
This study was carried out on a post-glacial floodplain on the true left of the 
Poerua River (Fig. 3.1; Plates 3.1, 3.2). The Poerua floodplain was formed in a trough 
created by Pleistocene glaciers and lies close to sea level. The flat topography is a 
result of alluvial deposition following glacial retreat and subsequent erosion of the 
surrounding mountains. It lies within the Saltwater Ecological Area and is part ofthe 
Harihari Ecological District (McEwen 1987). Recent alluvial soils occupy a belt of 
approximately three kilometres alongside the Poerua River; beyond this the soils have 
been undisturbed by river action for thousands of years (Smith & Burrows 1977). 
The Poerua forest community is dominated by Dacrycarpus dacrydioides 
forest which intergrades with and is then replaced by Dacrydium cupressinum forest 
further back from the river (Norton & Leathwick 1990). This area was not cleared for 
farming because of the low topographical relief and imperfect drainage. The climate is 
mild and wet due to the prevailing westerly winds and proximity to the coast. Mean 
annual precipitation at the nearest climate station (Lower Whataroa; 8 km to the 
south) is 3564 mm with little seasonal variation. The catchment however may receive 
>9 m yr-1 (Duncan 1992). Mean annual temperature is c.l1.9°C, with a January mean 
ofI6.3°C and a July mean of6.9°C (Norton & Leathwick 1990). 
Most West Coast rivers arising from the Southern Alps, that are not moderated 
by lakes, have a high baseflow and frequent large floods (Duncan 1992). Flow data 
for the Poerua River was collected from 1981 to 1993 (John Porteous, NIWA, pers. 
comm.), and from this the Poerua is classified as a medium sized river. The mean 
annual flow during this time was 33.7 m3 S-l, with a mean maximum flow of903.7 
m3s-1• The highest maximum flow recorded was 1114.2 m3s-1 in March 1992. For 
comparison, the nearby Whataroa River has a mean annual flow of 139 m3 S-l (Duncan 
1992). 
3.3 METHODS 
Two reaches of the Poerua River floodplain were selected for study. A reach 
represents an aggregation of plant communities within a specified geomorphic setting 
1-15 km long (Harris & Olsen 1997) and was considered the most appropriate scale 
for this study. These sites were called Poerua cableway (PCW) and Poerua road end 












Figure 3.1: Location of the Poerua cableway (peW) and Poerua Road end (PRE) study sites 
on the Poerua River, South Westland. 
located within a 1 kilometre stretch at both sites. These transects started at the forest 
edge and extended 100 m into the forest at an angle perpendicular to the river. Ten 10 
x 5 m sample plots, with the long axis oriented parallel to the river, were established 
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at 0 m, 5 m, 10 m, 15 m, 20 m, 30 m, 40 m, 50 m, 75 m, and 100 m along each 
transect (Fig. 3.2). 
All vascular species present within each plot, except for herbs, were recorded 
as present or absent. Hymenophyllaceae were recorded only as Hymenophyllum spp. 
due to initial difficulties with identification. The diameter of all trees> 3 cm at 1.35 m 
(dbh) was measured (and later converted to basal area), and the number of saplings <3 
cm dbh but> 1.35 m tall, and tree ferns> 1 m tall, were counted. Cover abundance of 
bare earth/silt, ferns, organic matter, and bryophytes on the ground was measured 
using cover classes of <1, 1-5,6-25,26-50, 51-75, and 76-100%. Site, plot distance 
from the river, and bare alluvial silt cover (as an indicator of the extent of annual 
flooding) were used as environmental variables in multivariate analysis. 
3.3.1 Data analysis 
The first step in the analysis focussed on forest composition and its variation 
across both sites. Detrended correspondence analysis (DCA) and detrended canonical 
correspondence analysis (DCCA) (Hill & Gauch 1980) of species presence-absence 
was used to identify the dominant floristic compositional gradients and to determine 
the relationship of these gradients with the environmental variables. Both analyses 
were conducted using the program CANOCO (ter Braak & Smilauer 1998), using 
default options. DCA provides an indirect ordination of the species by plot data 
matrix, identifying the dominant floristic compositional gradients independent of 
other factors. Conversely, DCCA is a form of direct gradient analysis that extracts the 
dominant floristic gradients with the constraint that they must be orthogonal linear 
combinations of the independent environmental variables. 
The eigenvalues in DCA and DCCA indicate the amount of variation 
accounted for by each gradient, while the gradient lengths indicate the amount of 
species turnover occurring along a gradient. For example, a gradient length of 4 is 
equivalent to 4 standard deviations (SD), meaning that species located at either end of 
this gradient do not co-occur in the same plots, and that there are no species in 
common between plots located at either end of the gradient (Hill & Gauch 1980; 
I 
Jongman et at. 1995). Comparison of DCA and DCCA ordination scores assists 
interpretation of the relative importance of the environmental variables in explaining 
the underlying floristic gradients. 
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Figure 3.2: Plot and transect layout and dimensions. 
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Site differences (PCW vs PRE) were compared using a split-plot Analysis of 
Variance (ANOV A), as implemented in SPSS (SPSS 1999). Parameters used in 
comparisons were: species richness; total tree, shrub and sapling density (stems ha-l); 
total basal area (m2); individual density and basal area of Dacrycarpus dacrydioides, 
Dacrydium cupressoides, Podocarpus totara, Prumnopitys ferruginea, P. taxifolia, 
Carpodetus serratus, Melicytus ramiflorus, Pennantia corymbosa, Schejlerra digitata, 
Streblus heterophyllus, Pseudopanax crassifolius, Aristotelia serrata, and 
Weinmannia racemosa; density of the tree ferns Cyathea smithii, Dicksonia 
squarossa, and D. fibrosa. The size class distribution of D. dacrydioides is also 
reported in order to aid interpretation of site differences (Duncan 1991, 1993). 
The cover of alluvial silt indicated that overbank flooding and silt deposition 
extended c.20m into the forest at both sites. Plots 1-5 and 6-10 were subsequently 
referred to as flood zone and non-flood zone plots (equivalent to zones 1 and 2 of 
Goodwin et al. (1997)), and the mean species richness and abundance values of the 
flood zone and non-flood zone .plots were calculated for each transect. One-way 
ANOV A was then used to test for differences in the mean values between plots in the 
two zones. 
A reverse-Helmert contrast (or difference contrast) (SPSS 1999) was used to 
identify the points of significant change (P=0.05) for density and basal area along the 
spatial gradient away from the river. This procedure is implemented through a 
Generalised Linear Model and compares the mean values of the plots (averaged across 
the 10 transects site-l) at distance y against the mean of the preceding plots at distance 
x. The resulting P values are then used to indicate a statistically significant point of 
change, such as an edge effect or the distinction between riparian and non-riparian 
conditions. Linear regressions were considered as an analysis tool but, if there was 
any edge effect (e.g. increased density), data from the affected plots would have to be 
removed from the analysis (Jennifer Brown, University of Canterbury, pers. comm.). 
One further problem with analysing transect data with standard parametric 
methods is the potential to violate assumptions of independence of samples, therefore 
these methods cannot be used to analyse non-normal, auto correlated, non-stationary 
data that are common in studies oflandscape boundaries (Gosz 1991). Authors have 
used various methods to get around this problem. For example Norton (2002) pooled 
data from adjacent plots to give stability to the data and then applied a mixed model 
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ANOVA (McCullagh & NeIder 1989) with an auto-regressive error structure (Littell 
et al. 1996). Harper & MacDonald (2001) developed a 'critical values' approach that 
used randomisation tests to reduce the effect of spatial autocorrelation. 
The issue of independence of samples actually refers to the correlation of error 
terms in the analysis. This only becomes a problem if generalised statistical 
inferences are sought from the data (Jennifer Brown,pers. comm.). The reverse-
Helmert approach, combined with a graph, is a conservative means to identify a point 
or zone of change. 
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3.4 RESULTS 
3.4.1 Ground cover 
The extent of ground cover of bare alluvial silt was most pronounced in the 
plots in zone 1 (i.e. the zone currently subject to flooding), and was absent in the plots 
of zone 2 (the zone currently not subject to flooding) (Fig. 3.3a). The bare soil in 
zone 2 was a distinct 0 horizon, indicating that there had been no silt deposition there 
for a long time. This indicates that the degree of general overbank flooding and 
siltation extends c.20 m into the forest at both sites. The mean % cover of bare 
alluvial silt at the edge of PRE was 20% higher than at pew. This suggests that there 
is possibly more overbank flow at PRE than at pew. 
The mean % cover of organic litter was c. 20% lower in the 0 m plots than in 
the subsequent three plots (Fig. 3.3b). Maximum cover was reached in plots 5 m - 15 
m from the rivers edge, declining in plots further from the river. D. squarossa fronds 
contributed significantly to the organic litter in several plots at pew. There was a 
general trend in the condition of organic litter, with litter in plots 0 m - 30 m tending 
to be fresh andlor dry, whereas the litter in subsequent plots tended to be semi-
decomposed and wet. The high litter content in the first 50 m may indicate that this is 
a zone of rapid plant growth and hence rapid litter production. 
The mean % fern cover abundance was similar in the 0 m plots at both sites, 
but tended to be higher overall at PRE than pew (Fig. 3 .3c). Fern cover tended to be 
higher in plots;::: 5m from the edge at PRE, but remained relatively constant with plot 
distance from the river at pew. 
Bryophyte cover remained low until the 10m plots, after which it increased in 
a linear fashion (Fig. 3.3d). This is a good indicator of vapour pressure deficit 
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Figure 3.3: Mean % ground cover (± one standard error) of a) bare ground, b) organic litter, 
c) ferns, and d) bryophytes with plot distance from the riverbank. 
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3.4.2 Species richness and composition 
A total of 101 vascular plant species were recorded at the two sites, with 93 
species at PCW and 87 species at PRE (Appendix 10.1). Six podocarp species were 
recorded, with 5 at each site. M colensoi only occurred at the PCW site, while P. 
taxifolia only occurred at the PRE site. Thirty seven pteridophyte species were 
recorded, with 35 at PCW and 33 at PRE. Eleven monocotyledons were recorded, 
with 9 occurring at both sites. Cordyline australis and Freycinetia baueriana were 
recorded only at the PCW site, while Carex spp. and Cortaderia richardii were 
recorded only at the PRE site. 
There was a statistically significant site difference in mean species richness 
(F t 37= 5.078, P = 0.026), however there was no significant difference in species 
richness at either site between the flood zone and the non-flood zone (PCW, P = 0.47; 
PRE, P = 0.88). The site difference in species richness appears to have been 
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Figure 3.4: Mean species richness (± one standard error) with plot distance from the 
riverbank. 
3.4.3 Ordination of plots and species 
90 
Ordination of the data by DCA clearly separates plots on the basis of site, with 
PCW lying to the bottom of Axis 2 and PRE lying to the top of Axis 2 (Fig. 3.5a). 
The plot scores for both are relatively evenly spread along Axis 1, although the PCW 
plot scores are more tightly clumped. There is also a gradient lying between Axis 2 
and Axis I, correlated with the distance of each plot from the river. The first plots in 
each transect (called edge in Fig 3.5a, 0 m from the riverbank) are relatively distinct 
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from the other plots in terms of species composition and frequency of occurrence, and 
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Figure 3.5a: Location of plots relative to the first two DCA axes, and direction and 
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Figure 3.5b: Location of species relative to the first two DCA axes. Key species have been 
identified, with full names given in Appendix 10.1. 
The floristic gradient is most strongly correlated with site on Axes 1 and 2 of 
the DCA, and Axis 1 of the DCCA (Table 3.2). Plot distance from the river and silt 
5 
cover are also correlated on Axes 1 and 2 of the DCA, and on Axis 2 of the DCCA. 
There is an inverse relationship between plot distance from the river and silt cover, i.e. 
silt cover is greatest in the plots closest to the river (Table 3.2; Fig 3.5a). 
Table 3.2: Spearman rank correlation (rs) coefficients calculated between the first two DCA 

















The first two axes ofthe DCA ordination have eigenvalues of 0.175 and 0.123 
respectively, indicating that these axes (DCA1 and DCA2) are of similar importance 
(Table 3.3). The first two axes of the DCCA have eigenvalues of 0.114 and 0.012, 
which indicates that when the floristic gradient is constrained by the environmental 
variables, axis 1 accounts for most of the variation. It is interesting to note that the 
gradient lengths of the DCCA are less than half that of the gradient lengths of the 
DCA (Table 3.3). This suggests that, when the floristic gradient is constrained by the 
environmental variables, the plots are not separating out as clearly in terms of floristic 
dissimilarity as was the case with the DCA. Spearman's ran1e correlation coefficients 
show moderately strong similarities between the first and second axes of the DCA and 
DCCA (Table 3.2) indicating that the environmental variables account for some, but 
not all, of the dominant floristic variation identified in the DCA. 
Table 3.3: Eigenvalues and gradient lengths (SD) for the first two axes of the DCA and 
DCCA ordinations. Spearman's rank correlations (r.) of the DCA plot scores with the DCCA 













Patterns in the species ordination reflect those in the plot ordination (Fig. 
3. 5b). Species characteristic of the forest edge, such as Phormium ten ax and H 
salicifolia, are found in the top left quadrant, while M colensoi and P. alpinus, found 
only in the 100m plots at PCW, lie in the bottom left quadrant. Species found only at 
the PRE site, such as U ferox and L. hymenophylloides, lie to the right ofthe top-right 
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Table 3.4: Mean tree and shrub density (stems ha-1), mean tree and shrub basal area (m2 ha-1) and mean sapling density ( ± 1 standard error). d.f. = 38. 
Tree density Sauling density Tree basal area 
pew PRE F P pew PRE F P pew PRE F P 
Total 2066 ± 126 864± 92 81.99 <0.001 3000 ± 192 2342 ± 178 7.32 <0.01 45 ±5 34±6 2.03 0.16 
D. dacrydioides 286 ± 41 148 ± 28 10.43 <0.01 280 ±46 362 ± 56 1.29 0.29 28 ±5 20±6 1.29 0.26 
P. totara 24± 14 104 ± 39 4.33 <0.05 4±3 12 ± 6 1.10 0.30 0.2 ± 0.2 5±2 6.45 0.01 
D. cupressinum 10±4 4±3 1.38 0.24 6±4 10 ± 7 0.28 0.60 0.4 ± 0.2 0.05 ± 0.05 2.41 0.12 
P. taxifolia 0 12±9 - - 0 26± 8 - - 0 2±2 - -
P. ferruginea 4±3 0 - - 1O±4 1O±4 0 1.00 0.04 ± 0.04 0 - -
P. corymbosa 22± 8 254 ±47 23.88 <0.001 76± 17 110 ±24 1.39 0.24 0.1 ± 0.05 3 ±0.6 34.28 <0.001 
C. serratus 334 ± 37 204 ± 31 9.09 <0.01 76 ± 17 230 ± 48 10.2 <0.01 3±1 2±0.3 1.56 0.21 
W racemosa 922 ± 79 6±3 182.17 <0.001 214 ± 38 12 ± 7 28.6 <0.001 10 ± 1 0.2 ± 0.1 4576 <0.001 
S. digitata 184 ± 30 30 ± 15 23.62 <0.001 930 ± 104 92± 18 91.9 <0.001 0.3 ± 0.1 0.05 ± 0.02 7.68 <0.01 
S. heterophyllus 122 ± 22 168 ± 26 2.27 0.13 176 ± 32 286 ± 34 6.80 <0.05 0.3 ± 0.09 0.2 ± 0.04 2.06 0.15 
P. crassifolius 98 ±21 8±6 23.11 <0.001 134 ±40 14 ± 5 9.71 <0.01 0.6 ± 0.2 0.02 ± 0.02 16.5 <0.001 
M ramiflorus 92±25 90±36 0.002 0.96 186 ± 28 300 ± 32 8.59 <0.05 0.2 ± 0.01 0.8 ± 0.4 2.08 0.15 
A. serrata 58 ± 14 4±3 15.52 <0.001 14±7 18 ± 8 0.15 0.70 0.5 ± 0.2 0.03 ± 0.03 6.06 <0.05 
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quadrant, while the majority of species common to both sites lie to the centre of the right hand 
quadrants. 
3.4.4 Tree, shrub, sapling, and treefem density 
Site differences 
The mean total density of tree stems ha-I was significantly greater at pew than at PRE 
(Table 3.4). Eight species demonstrated significant site differences, with D. dacrydioides, C. 
serratus, W. racemosa, S. digitata, P. crassifolius, andA. serrata being significantly more dense at 
pew, while P. corymbosa and P. to tara were the only tree species to be significantly more dense at 
PRE. The mean total number of saplings ha-I was also significantly higher at pew than PRE 
(Table 3.4). Six species demonstrated significant site differences, with the angiosperms W. 
racemosa, S. digitata, and P. crassifolius significantly more dense at pew, and C. serratus, S. 
heterophyllus, and M ramiflorus significantly more dense at PRE. The treefem D. squarossa was 
significantly more dense at pew than PRE, while C. smithii and D. fibrosa were significantly more 
dense at PRE (Table 3.5). 
Table 3.5: Mean tree fern density (stems ha- I ± 1 standard error). df= 38. 
pew PRE F P 
C. smithii 102 ± 19 462 ± 48 62.54 <0.001 
D. squarossa 1360 ± 92 1086 ± 110 5.06 <0.05 
D·fibrosa 4±4 130 ± 26 28.03 <0.001 
Flood zone - non-flood zone 
There were significant but opposite differences in the total density of trees and shrubs 
between the flood zone and non-flood zone at both sites (peW, FI,IS = 9.29, P < 0.01; PRE, Fl,1s = 
4.35, P = 0.05). Density was highest in the non-flood zone at pew, while it was highest in the 
flood zone at PRE (Fig. 3.6a). The density of D. dacrydioides was also highest in the non-flood 
zone at pew, while it was highest in the flood zone at PRE (peW, FI,IS = 17.84, P <0.01; PRE, Fl,1S 
= 4.72, P < 0.05) (Fig 3.6b). Five species exhibited a significant difference between the flood zone 
and non-flood zone at one site only. P. crassifolius and C. serratus were significantly more 
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Figure 3.6: Mean stem density for species with significant differences between the flood zone and non-
flood zone. a) Total species, b) D. dacrydioides, c) P. crassifolius, d) C. serratus, e) s. digitata, f) P. totara, 
g) P. corymbosa. 
dense in the non-flood zone ofPCW (F118 = 12.17, P <0.01; Fl18 = 5.71, P <0.05, respectively), , , 
while S. digitata was significantly more dense in the flood zone ofPCW (F118 = 7.68, P <0.05) 
(Figs. 3.6c, d, e). P. totara was significantly more dense in the flood zone of PRE (F I ,18 = 5.83, P 
<0.05), while P. corymbosa was significantly more dense in the non-flood zone (F118 = 4.50, P 
<0.05) (Figs. 3.6f, g). No significant differences were observed for W racemosa, M ramiflorus, P. 
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taxifolia, P. jerruginea, D. cupressinum, A. serrata, or S. heterophyllus. D. squarossa was the only 
tree fern to exhibit a significant difference in density, being more dense in the flood zone of PRE 
(F1,18 = 4.67, P <0.05). 
Of the saplings, the total stem density was significantly greater in the non-flood zone of 
pew (F1,18= 7.05, P <0.05), as was the density of S. digitata saplings (F1,18 = 5.33, P <0.05). P. 
corymbosa saplings were significantly more dense in the non-flood zone of PRE (F 1,18 = 4.40, P 
=0.05). 
Spatial gradient 
There is a peak in the total tree densities at both sites (Fig. 3.7a), with the reverse Helmert 
contrast indicating that the mean density of tree and shrub stems in plots 0 m and 5 mare 
significantly greater than the mean stem density in plots at 10m (peW, P = 0.019; PRE, P = 0.016). 
There are also significant differences in stem density between plots at 50 m and 75 m (P = 0.001) 
and between plots at 75 m and 100 m (P < 0.001) at pew, with stem density increasing further 
from the river. The density of W. racemosa appears to be driving this trend at pew (Fig. 3.7e), 
althoughD. dacrydioides, P. corymbosa, C. serratus andP. crassifolius also contribute. The 
relatively high density peak within the first 15 m is observed in D. dacrydioides, D. cupressinum, 
and P. totara at both sites, however it is only apparent in W. racemosa at pew (Fig. 3.7 e). 
Total sapling density tended to be greater further away from the riverbank at pew, but 
remained level at PRE (Fig. 3.8a), driven by the density of S. digitata. The peak noticed in total tree 
density was not apparent in the total sapling density. Despite an apparent increase in the mean 
sapling density in plots 30 m from the pew riverbank, the high variance meant that there was no 
significant difference between these plots and the plots at 20 m or 40 m. 
The species that exhibited an apparent response to the edge were D. cupressinum, P. totara, 
W. racemosa, A. serrata, C. serratus, S. digitata, P. colorata, P. crassifolius, and H salicifolia. At 
pew D. cupressinum saplings were found only in plots at 5 m and 100 m from the rivers edge, 
while at PRE they were only found in the plots at 0 m from the rivers edge (Fig. 3.8c). P. to tara 
saplings were found only within the first 15 m of the rivers edge (Fig 3.8d). The greatest densities 
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Figure 3.7: Mean stem density (± one standard error) of trees and shrubs against plot distance from the 
riverbank. a) total stems, b) D. dacrydiaides, c) D. cupressinum, d) P. fafara. See overleaf for continuation 
of graphs. *, + indicates that plot mean is significantly different (P ::; 0.05) from the preceding plot for pew 
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Figure 3.7 (cont): Mean stem density (± one standard error) of trees and shrubs against plot distance from 
the riverbank. e) W racemosa, f) P. corymbosa, g) A. serrata, h) M ramiflorus. See overleaf for 
continuation of graphs. *, + indicates that plot mean is significantly different (P ::;; 0.05) from the preceding 
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Figure 3.7 (cont): Mean stem density (± one standard error) of trees and shrubs against plot distance from 
the riverbank. i) C. serratus, j) S. digitata ,k) P. crassifolius, and 1) S. heterophyllus. *, + indicates that 













{/) E 3 
o 2 
1 



















10 20 30 
10 20 30 
40 50 60 70 80 90 100 
40 50 60 70 80 90 100 
Plot distance from river bank (m) 
Figure 3.8: Mean stem density (± one standard error) of saplings against plot distance from the riverbank. 
a) Total stems, b) D. dacrydiaides, c) D. cupressinum, d) P. tatara. See overleaf for continuation of graphs. 










































0 10 20 30 40 50 60 70 80 90 100 
Plot distance from riverbank (m) 
Figure 3.8 cont.: Mean stem density (± one standard error) of saplings against plot distance from the 
riverbank. e) W racemosa, f) P. corymbosa, g) A. serrata, h) M. ramiflorus. See overleaf for continuation 
of graphs. *, + indicates that plot mean is significantly different (P:-:;; 0.05) from the preceding plot for pew 
and PRE respectively. 
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Figure 3.8 cont.: Mean stem density (± one standard error) of saplings against plot distance from the 
riverbank. i) C. serratus, j) S. digitata, k) P. crassifolius, 1) S. heterophyllus. *, + indicates that plot mean is 
significantly different (P::; 0.05) from the preceding plot for pew and PRE respectively. 
There was a significantly higher number of W racemosa saplings in the first 15 m, and at 75 m, at 
PCW (Fig. 3.8e). There were insufficient numbers at PRE to identify any trend. A. serrata saplings 
were significantly more dense in plots 0 m from the rivers edge at PCW, but not PRE (Fig 3.8g). 
There was a small peak in density at both sites in the plots between 15 - 40 m from the river edge. 
C. serratus saplings were slightly denser in plots 0 m from the rivers edge at both sites, however 
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this was not statistically significant (Fig. 3.8i). Density then increased in plots 75 m and 100 m at 
PCW, and plots 40 m, 75 m and 100 m at PRE. P. crassifolius saplings appeared to have a higher 
density within the first two edge plots at both sites than subsequent plots, however densities 
increased again in plots 40 m -100 mat PCW and 100 m at PRE (Fig. 3.8j). 
S. digitata exhibited a negative edge response, increasing in density with distance away from 
the rivers edge. The density of S. digitata saplings in the 10 m plots was significantly higher than in 
the preceding two plots (Fig. 3.8k), however there were insufficient numbers at PRE to detect any 
trend. 
The density of the treefems c. smithii and D. fibrosa appeared to increase slightly with 
distance from the river's edge, particularly at PRE (Figs. 3.9 a,b), while the density of D. squarossa 
appeared to decrease with distance from the river's edge (Fig 3. 9c ). Significant contrasts between 
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Figure 3.9: Mean density (± one standard error) of a) C. smithii, b) D. fibrosa, c) D. squarossa against plot 
distance from the riverbank. *, + indicates that plot mean is significantly different (P ::;;.05) from the 
preceding plot for pew and PRE respectively. 
3.4.5 Tree basal area 
Site differences 
There was no significant difference between the mean basal area of all trees ha-1 at pew 
and PRE (Table 3.4). D. dacrydioides contributed most of the basal area at both sites but, unlike 
stem density, there was no significant site difference. The angiosperms W. racemosa, S. digitata, P. 
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crassifolius, and A. serrata had a significantly higher basal area at PCW, while P. totara, and P. 
corymbosa had a significantly higher basal area at PRE. 
The size class distribution of D. dacrydioides is relatively similar at both sites (Fig. 3.10). 
However there are no trees in the 60 - 80 cm dbh size class at PRE, and the largest trees at PCW are in 
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Figure 3.10: Pooled size class frequency distribution of D. dacrydioides at the pew and PRE sites. 
Flood zone - non-flood zone 
The difference in total basal area between the flood zone and non-flood zone was significant 
only at PCW, with the non-flood zone having the highest basal area (F1,18 = 28.18, P <0.001) (Fig. 
3.11a). Again this was due to the dominance ofD. dacrydioides (F1,18 = 31.80, P <0.001) (Fig. 
3.11b). The mean basal area of P. crassifolius was also significantly greater in the non-flood zone 
ofPCW (F 1,18 = 6.87, P <0.05) (Fig. 3.11c) Conversely the mean basal area of W. racemosa and S. 
digitata was significantly higher in the flood zone ofPCW than in the non-flood zone (F1,18 = 20.35, 
P <0.001; FI ,18 = 6.08, P <0.05, respectively) (Figs. 3.11d, e). 
P. totara and P. corymbosa were the only species to exhibit a difference in basal area 
between the flood zone and non-flood zone of PRE. The mean basal area of P. totara was 
significantly higher in the flood zone (F I ,18 = 4.31, P =0.05) (Fig. 3.11f) while the mean basal area 
of P. corymbosa was significantly higher in the non-flood zone (F I ,18 = 7.50, P <0.05) (Fig. 3.11g). 
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Figure 3.11: Mean basal area for species with significant differences between the flood zone and non-flood 




The total basal area for all stems remained fairly constant with distance from the river's edge 
at pew, but appeared to increase in the first 20 m and then decline substantially at PRE (Fig 3.12a). 
The density of D. dacrydioides (Fig. 3.12b) drives this trend. The basal area of D. cupressinum was 
relatively low at both sites, and was absent in plots 0 m - 10 m from the river's edge (Fig. 3.12c). 
There was a noticeable increase in D. cupressoides basal area in the plots 40 m from the river's 
edge, where there had been a noticeable dip in D. dacrydioides basal area. The basal area of P. 
to tara was highest in plots 0 m from the river's edge at pew (Fig 3.12d). Similarly the basal area 
of P. taxi/olia was highest in plots 0 m from the river's edge, but at PRE (Fig 3 .12e). Like D. 
cupressinum, P. ferruginea exhibited a small pulse in basal area in the 40 m plots at pew (Fig 
3.12f). The basal area of W. racemosa undulated at pew, with a high point in the 0 m plots, 
although the highest density was observed in the 40 m plots (Fig 3.12g). The basal area of P. 
corymbosa was highest at PRE and, while there was a peak of density in the 10 m -30 m plots, there 
was no obvious evidence of an edge effect (Fig. 3.12h). There was an increase in the basal area of 
A. serrata in plots 10 ill -30 m and 100 m at PRE, but no obvious relationship to the edge (Fig. 
3.12i). There were peaks in the basal area of M ramijlorus and C. serratus at PRE and pew 
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Figure 3.12: Mean basal area (m2 ha-l) (± one standard error) of trees and shrubs of a) total stems, b) D. 
dacrydioides, c) D. cupressinum, d) P. fofara. See overleaf for continuation of graphs. *, + indicates that 
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Figure 3.12 cont.: Mean basal area (m2 ha-1) (± one standard error) of trees and shrubs of e) P. taxifalia, f) 
P. jerruginea, g) w. racemasa, h) P. carymbasa. See overleaf for continuation of graphs. *, + indicates that 
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Figure 3.12 cout: Mean basal area (m2 ha- l ) (± one standard error) of trees and shrubs of i) A. serrata, j) M. 
ramiflorus, k) C. serratus, 1) S. digitata. See overleaf for continuation of graphs. *, + indicates that plot 
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Figure 3.12 cont.: Mean basal area (m2 ha-1) (± one standard error) of trees and shrubs ofm) P. crassifolius, 
n) S. heterophyllus. *, + indicates that plot mean is significantly different (P $ 0.05) from the preceding plot 
for pew and PRE respectively. 
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3.5 DISCUSSION 
This chapter sought to examine whether it is possible to identify a specific riparian zone 
based on the occurrence, composition and abundance of plant species, with respect to the boundary 
of annual flooding and whether this is independent of an edge effect. The results of this study 
suggest that there is no distinct band of vegetation within the first 100m of the Poerua river that 
could be defined as a riparian zone per se. There is a gradient of change in species composition 
with distance from the river, however the greatest amount of the variation in the data set was due to 
site differences. Notwithstanding this, there is however a distinct edge with a number of species 
found only in the edge plots, a peak in the density of trees and shrubs within the first 10m of the 
forest edge, and a peak in species richness at the edge of one site. There were also differences in the 
response of individual species to the edge but again site differences appeared to drive the observed 
patterns. These issues are discussed in more detail, with respect to site differences, the riparian zone 
and edge effects. 
3.5.1 Site differences 
Duncan (1991, 1993) and Sowden (1986) have demonstrated that disturbance history affects 
the structure and composition of forests on floodplain surfaces in south Westland. This is true of 
other floodplain sites throughout the world (Decamps 1993; Naiman & Decamps 1997; Brinson & 
Verhoeven 1999). For example, the floristic composition and successional patterns of floodplain 
forests in the Coastal Plain Province (USA) (Hodges 1997), western USA (Graf 1979, 1983), and 
Western Australia (Pettit & Froend 1999) are strongly influenced by past catastrophic events and 
the present flood regime. Graf (1979, 1983) stated that the composition and structure of western 
USA floodplain forest is not in a state of quasi-equilibrium with the annual flood regime, rather it is 
a legacy of past catastrophic disturbances. 
The dominant tree species at both study sites on the Poerua floodplain is D. dacrydioides, a 
species which typically establishes after catastrophic flooding provides large areas of exposed 
alluvial soils (Duncan 1993). The site differences are possibly due to the scale and frequency of 
flooding, with PRE likely to have had a more recent catastrophic flood event and more frequent 
non-catastrophic flooding than PCW. The PCW site is largely protected from river incutting by a 
glacial moraine, whereas PRE is exposed to river movement and flooding. This is highlighted by 
the current level of riverbank incutting at PRE (Plate 3.1) The disjunction in D. dacrydioides size 
classes between 60-80 cm dbh at PRE supports this assertion. Predicting the age of D. dacrydioides 
and hence the timing of disturbance events from size class is not reliable because growth in an even-
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aged cohort can be suppressed under low light levels, with trees of a similar age being in different 
size classes. However, using the regression equations of Duncan (1991) it would appear that there 
was a major disturbance event at PRE c.350-450 years ago. 
One ofthe most striking differences noticed between the sites was the dominance of W. 
racemosa in the canopy at PCW and its relative absence at PRE, whereas the canopy at PRE was 
dominated by species such as P. corymbosa and C. serratus. Duncan (1991, 1993) found a similar 
pattern in his two, similar aged, D. dacrydioides dominant stands. He suggested that small scale 
disturbance events had provided W. racemosa, a vigorous coloniser of small gaps (Stewart & 
Veblen 1982; Stewart 1986), with the necessary raised establishment sites in only one of the stands. 
Species such as P. corymbosa, and C. serratus also respond rapidly to canopy gaps, but do not 
require raised establishment sites (Wardle 1977, 1979, 1991; Duncan et al. 1990). This difference 
in canopy composition provides further, albeit circumstantial, evidence that PRE is 'younger' and 
has a history of more non-catastrophic flooding or disturbance. 
3.5.2 The riparian zone? 
The scientific literature suggests that the riparian zone is a distinctive landscape feature with 
species rich and diverse plant communities influenced by the annual hydrological regime (e.g. 
Malanson 1993; Naiman & Decamps 1997). This study has demonstrated that there is an 
identifiable limit of overbank flooding, as defined by the extent of alluvial silt, and the DCA 
ordination of species presence-absence suggests that there is a relationship between species 
occurrence and the extent of this flood zone. However, this relationship appears to be one of a 
gradient of species change, rather than of distinct communities defined by the degree of flooding or 
distance from the river. This is confirmed by the DCCA which suggests that there are other factors 
that have an effect on species composition within the first 100m of the Poerua floodplain forest, as 
well as being indicators of flooding. 
A few species were found on the riverbank that were not found elsewhere in the forest. 
These included Phormium tenax and Cortaderia richardii, species commonly found at the edge of 
rivers and swamps, and Hebe salicifolia and Coriaria arborea, species common in disturbed sites 
(Wardle 1991). None of these species is considered riparian dependent, although P. tenax and C. 
richardii are typically most abundant in the riparian zone in forested ecosystems (Wardle, in Collier 
1995), but none of them would warrant special protection for their biodiversity value or contribution 
to the natural character of the river. 
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sIte, dominated edge zone and a transition from 
Dacrycarpus dacrydioides dominant forest to Dacrydium cupressoides dominant forest (midground). 
Plate 3.2: The Poerua Roadend (PRE) site, showing a distinct edge zone and river incutting since the data for this study 
were collected. 
The introduced species Ulex europaeus, a plant common on disturbed sites such as the 
floodplains of south Westland (Wardle 1980), was also present in bare silt on the river ban1e 
However it was not present within the forest. 
Species richness remained constant between the flood zone and the non-flood zone, although 
the abundance of individual species changed along the gradient from the river. There was no 
consistent general pattern or feature however that stood out as an indicator of a riparian zone in its 
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own right. For example, while the mean total density oftrees and shrubs is higher in the non-flood 
zone at PCW, it is higher in the flood zone at PRE. Sapling density too was significantly greater in 
the non-flood zone ofPCW than in the flood zone, while at PRE there was no significant difference 
in density between these two zones. There were individual species differences too. For example, 
mature S. digitata were significantly more dense in the flood zone ofPCW, while their saplings 
were more dense in the non-flood zone ofPCW. Conversely mature P. corymbosa and saplings 
were significantly more dense in the non-flood zone of PRE than in the flood zone. 
The presence of P. totara at PRE is the only pattern that can be conclusively linked to the 
annual flood zone. Coarse sediments tend to be deposited on the river banle during overbank 
flooding, creating free draining levees, with finer silts being deposited further inland (Hodges 
1997). P. to tara colonises coarse, free draining, alluvial sediments, but is less likely to establish on 
fine, less well drained silts (Wardle 1974; Hodges 1997; Ebbett 1998; Chapter 7). Hodges (1997) 
notes that the rate and type of soil deposited during flooding (Hodges 1997) particularly influence 
the forests of the Coastal Plain (USA). 
A fertility gradient does, however, become apparent with distance from the river. Monoao 
colensoi and Phyllocladus alpinus are common in transitions from fertile to infertile soils (Wardle 
1991), and these species appear in the PCW plots most distant from the river. Sowden (1986) has 
demonstrated that nutrient status and drainage decrease with time since the last flood disturbance 
(100s - 1000s of years), and that this occurs on a gradient away from a river. Norton & Leathwick 
(1990) identified this gradient at a larger scale for the Poerua, with D. dacrydioideslC. smithii-W. 
racemosalUncinia sp. forest andD. dacydioideslCoprosma sp./Uncinia sp. forest close to the river, 
grading back into D. cupressoides-(D. dacrydioides)lW. racemosa-(Q. acutifolia) forest with 
increasing distance from the river. They attributed this to edaphic properties such as nutrient status 
and drainage. 
While the annual flood regime may be responsible for the presence of a distinct band of 
riparian zone vegetation in water limited environments (Kovalchik & Chitwood 1990; Brinson et al. 
1981; Hupp & Osterkamp 1996; Naiman & Decamps 1997), this is not applicable in south 
Westland. In fact it is the opposite situation that is likely to be important, as high rainfall combined 
with impeded drainage has a significant influence on species composition in south Westland forests 
(Duncan et al. 1990; Norton & Leathwick 1990; Chapter 4). Graf (1979, 1983) also notes that 
many western USA floodplain riparian zones are not structured by the annual flood regime, but by 
past catastrophic disturbances. 
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3.5.3 An edge community? 
New Zealand rainforests are typically shady, with canopy structure having a pronounced 
effect on the spatial distribution of plants (McDonald & Norton 1992; Davies-Colley et at. 2000). 
Consequently elevated light levels are one of the key drivers of floristic composition and density at 
the forest edge (Young & Mitchell 1994; Murcia 1995; Matlack & Litvaitis 1999; Davies-Colley et 
at. 2000; Norton 2002). A distinct forest edge of c.l0 m, characterised by a peak in the density of 
trees and shrubs was evident in this study, particularly at PCW. Species such as P. to tara and D. 
dacrydioides which require high light levels (Ebbett & Ogden 1998), and W. racemosa and S. 
digitata that are normally found in forest canopy gaps (Wardle 1991), obviously take advantage of 
the raised light levels at the edge. Davies-Colley et at. (2000) also observed a shift in species 
composition at the edge towards high-light requiring pioneer species typically found in treefall 
gaps. 
Species may also exhibit a negative response to an edge, i.e. their density or frequency of 
occurrence is greatest further away from the forest edge (Murcia 1995). A negative response to the 
edge was noted for a number of species in this study. These included the trees P. corymbosa and P. 
crassifolius at the PCW site, and the treefems c. smithii and D. fibrosa at the PRE site. The 
frequency of occurrence of ferns also tended to be less in the immediate edge plots, than in 
subsequent plots, with species such as L. hymenophylloides and L. superba only being found in wet 
depressions within 15 m of the forest edge. Davies-Colley et at. (2000) proposed that an increased 
likelihood of desiccation through higher levels of wind flow restricted ferns such as L. 
hymenophylloides and Hymenophyllum spp. to interior rather than edge environments. 
Young & Mitchell (1994), Davies-Colley et at. (2000) and Denyer (2000) have all noted that 
species richness tends to be greater at the forest edge than in the interior. This was the case for the 
edge plots ofPCW, but not for the edge plots of PRE, where mean species richness was slightly 
lower. This would appear to be due to the river at PRE cutting into the bank and creating an edge in 
the formerly intact forest. A number of species in these plots, particularly ferns, were also dead due 
to desiccation and were not recorded. Kupfer & Malanson (1993) note that cutbank erosion is a 
significant process in creating new forest edges in interior riparian forest. It is likely that the P. 
to tara stand at PRE will be lost over the next few years unless the river changes course. 
The trend in stem density was not consistent between sites after the initial edge effect. At 
PCW the total stem density increased to, or above, the stem density at the edge, while the total stem 
density stayed low at PRE. This trend was strongly driven by the density of D. dacrydioides and W. 
racemosa. Individual species, such as P. corymbosa and C. serratus also contributed to this, 
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however their density distribution was consistent with establishment in canopy gaps, rather than as a 
response to the river's dynamics or the forest edge. 
Total basal area also remained relatively consistent from the edge to the interior at both sites, 
although this was dominated by the basal area of D. dacrydioides. The trends for individual 
species, however, tended to follow that of their density distribution. There was no indication that 
basal area was necessarily lower nearer the river due to frequent disturbance (cf Gregory et at. 
1991), or higher due to increased light availability (Davies-Colley et at. 2000). Davies-Colley et at. 
(2000) found that basal area was slightly higher near the forest edge than elsewhere along their 80 m 
transect. 
The creation of a riparian edge community in a floodplain forest is affected by a number of 
factors in space and time, including the scale of flooding and river incutting, small scale disturbance 
events such as treefall which create canopy gaps, and micro climatic gradients. I propose three 
scenarios for the Poerua floodplain forest. 
1) A cohort oftrees, e.g. D. dacrydioides, establishes following catastrophic flooding 
(Duncan 1993). The edge is sealed offby species such as W racemosa and P. 
corymbosa, if there is no more catastrophic flooding for a period of time. 
2) A cohort establishes as per 1), and is stable for a period of time, but then lateral 
migration ofthe river creates an edge in what was formerly interior forest (retrogression, 
Kupfer & Malanson 1993). 
3) A cohort establishes as per 1), but a new edge is created as small floods deposit a levee 
and! or the river abandons its current course, and this area is progressively colonised e.g. 
by P. to tara at PRE or W racemosa at PCW. 
It is important to understand that there will be an oscillation between these states in space 
and time, and at anyone scale there may be a combination of any of the states. All three states were 
evident along the Poerua River, and may be observed in Plates 3.1 and 3.2. Therefore the results of 
this study indicate that the edge effect created by river incutting or deposition is responsible for 
much of the floristic variation in this riparian vegetation at the scale of the river margin. However 
the dominant floodplain scale vegetation patterns are due to large scale disturbance patterns 
(Duncan 1993; Chapter 4). 
3-39 
3.6 CONCLUSION 
The term 'riparian zone' gives the impression of a linear landscape feature that is present 
along the length of a river. However the extent of the riparian zone, and hence the extent of riparian 
vegetation, needs to be understood in terms of the size and hydrological regime of a river, and its 
landscape context. Small - medium sized rivers, particularly those in arid zones, may have a 
distinct band of vegetation due to overbank flow during flooding (Ma1anson 1993; Naiman & 
Decamps 1997). However the riparian zone, and hence the riparian vegetation, of larger rivers is 
represented by the whole floodplain, rather than a strip of vegetation per se alongside the river 
(Brinson & Verhoeven 1999). 
The results from this study suggest that the riparian zone ofthe Poerua River is not just a 
linear feature out to the extent of the current flood regime. Rather it is a landscape feature 
corresponding with historical disturbance and lateral migration of the river. This is not to say that 
overbank flooding and a fertility or drainage gradient near the edge have no effect on vegetation 
patterns, rather they are subsumed within patterns caused by the larger scale disturbances, and in 
this study cannot be separated from an edge effect. Results from this and other studies (Chapter 4, 
Duncan et at. 1990; Norton & Leathwick 1990) lead me to conclude that the whole floodplain, as a 
place formed andlor maintained by fluvial processes, and its vegetation is the riparian zone for such 
rivers on the West Coast. 
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4 FLORISTICS AND SPECIES DIVERSITY OF FOUR SOUTH 
WESTLAND RIPARIAN FORESTS 
4.1 INTRODUCTION 
Riparian forests tend to be a mosaic of species-rich vegetation communities, 
(Ma1anson 1993; Naiman et ai. 1993; Naiman & Decamps 1997), although they are not 
noted for a high diversity of trees (Brinson & Verhoeven 1999). It has been established 
that differences in geomorphology, hydrology, and soils are the most important factors in 
determining the structure and composition of such forest communities (Gregory et ai. 
1991; Ma1anson 1993; Hodges 1998). The south Westland region contains extensive 
areas of riparian forest communities, on low-lying, alluvial floodplains, that are 
floristically distinct from adjacent glacial morraine or terrace forests (Wardle 1977, 1980; 
Duncan et ai. 1990; Norton & Leathwick 1990). 
Disturbance events playa major role in structuring riparian forest communities 
(Decamps 1996). Duncan (1991, 1993) found that differences in forest stand structure in 
Karangarua Forest, south Westland, reflected differences in disturbance history and 
consequently the availability of suitable establishment sites. He found that intense floods 
favour the establishment of Dacrycarpus dacrydioides by creating large bare surfaces, 
while less intense floods or other disturbances such as treefall1eave exposed debris that 
provide establishment sites for Dacrydium cupressoides. Weinmannia racemosa and 
Prumnopitys ferruginea established on elevated sites under canopy cover, although small 
openings in the canopy favour W racemosa. In the absence of further catastrophic 
flooding Duncan (1993) predicted that forest composition would shift towards 
dominance by D. cupressoides. 
Decamps (1996) considers that up to three forest types will be observed on a 
floodplain, depending on the dominant disturbance regime and characteristics of the key 
species. Forests within the active zone of the river are largely regenerated through 
allogenic processes, such as catastrophic flood events, whereas forests outside the active 
band tend to be regenerated through autogenic processes such as competition and canopy 
gap formation. There may also be a zone of transition, or an intermediate forest 
community, between these two systems depending on the scale or time since the last 
major disturbance event (Decamps 1996). 
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There are strong relationships between vegetation and edaphic factors in 
Westland forests, with variations in soil fertility and wetness, related to surface age and 
slope, considered key factors in detennining forest type and affecting community 
composition (Chavasse 1971; Mew 1980; Smith & Lee 1984; Sowden 1986; Reif & 
Allen 1988; Duncan et at. 1990; Norton & Leathwick 1990; Stewart et at. 1993; Norton 
1994). Westland soils age rapidly in the absence of disturbance events such as 
earthquakes, flooding by rivers, or landslides, as nutrients leach from the soils due to the 
high rainfall and acid-fonning organic matter builds up (Stevens 1968; Smith & Lee 
1984; Sowden 1986; Mew & Palmer 1989). Sowden (1986) found that soil changes in 
the absence of flooding in the Wanganui River catchment were characterised by 
decreasing pH, a build up of soil organic matter, decreasing extractable phosphorus, and 
declining drainage status. He also observed that the vegetation patterns were most highly 
correlated with levels of phosphorus and impeded drainage. Duncan et at. (1990) found 
. that plant communities in Saltwater Forest, south Westland, were distributed in relation 
to landfonn and soil properties, and that alluvial deposition and soil age were important 
factors influencing the vegetation patterns across landfonn types. 
Despite their ecological importance and significance for nature conservation, few 
of New Zealand's riparian forest systems have been studied in any detail; a general 
problem worldwide (Bayley 1995). For example, a number of studies have examined 
plant species richness patterns and environmental gradients in New Zealand forests 
(references in, and including, Bums 1995; Ogden 1995) however only one (Duncan et at. 
1990) has specifically studied these in New Zealand riparian forest. 
The objectives of this chapter are to: 
• describe the plant communities of four south Westland riparian forests; 
• examine the effect of drainage on the observed floristic patterns; and, 
• examine patterns of species richness within and between plots, communities, and 
forests. 
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4.2 STUDY AREA 
Four areas in South Westland with intact forest communities were selected for 
study (Figure 4.1). These were chosen to span a range of river and catchment sizes and 
capture a range of forest communities on floodplain surfaces. However, as most areas in 
south Westland with soils suitable for farming have been cleared of their forest and 
drained (Mew & Palmer 1989), the number of sites available for study was limited. 
Company Creek occurs in a moraine and outwash terrace system deriving from 
the Otiran glaciation c.12 - 25 k yr B.P. The soils are derived from little to slightly 
weathered glacial outwash gravel and till (Warren 1967) and small scale alluvial 
processes, and are relatively infertile. The Ohinetamatea, Karangarua and Paringa 
floodplains were formed in troughs carved by Pleistocene glaciers, and lie close to sea 
level. The flat topography of these three floodplains is a result of alluvial deposition 
following glacial retreat and subsequent erosion of the surrounding uplands. Most of the 
floodplains in south Westland are formed from alluvial gravels less than 6000 years old 
(Mortimer et al. 1984). Gleyed recent soils are dominant on floodplains in south 
Westland, with other recent soils found in narrow bands close to the main river channels, 
often in the form oflevees (Palmer et al. 1986; Mew & Palmer 1989). 
Many of the larger river systems in south Westland arise in steep alpine 
catchments; when they cross the floodplain they tend to have shallow braided channels 
winding across a wide bed (Winterbourn & Ryan 1994). Company Creek is a rain-fed 
stream arising in the moraine ridge above Lake Mapourika at c.400 m asl. It is about 1.5 
km long with a catchment of c.33 km2• The Ohinetamatea River is a rain-fed river 
arising in the Copland Range of the Southern Alps at about 2000 m asl. It is c.29 km long 
and has a catchment of c.1 00 km2 . Its lower reach occupies a narrow floodplain within a 
confined entrenched channel. The Karangarua River is a part glacially fed river arising in 
Southern Alps at an altitude of> 3000 m asl. It is about 47 Ian long and has a catchment 
of>350 km2 . It has a moderately wide floodplain and is slightly braided. The Paringa 
River is a glacially-fed river arising in the Hooker Range at 2000-2600 m asl. It is c. 60 
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Figure 4.1: Location of the four study rivers: Company Creek, Ohinetamatea River, Karangarua River, and 
Paringa River. The floodplains lie, largely, to the west of the State Highway. 
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4.3 METHODS 
The analyses in this chapter utilised data that were collected by experienced field 
botanists during the 1984/85 summer as part of an extensive survey of South Westland 
forests for the South Westland Management Evaluation Programme (SWMEP). 
Sampling sites were located at 457m (500 yard) intervals along east-west transects 914m 
(1000 yard) apart, based on the NZMS 1, S78 and S70 mapping grid. Additional sites 
were located where pronounced vegetation changes were encountered along transects. I 
selected all plots that occurred within the floodplain of the four sites, but avoided plots 
that were located in obvious wetlands, giving 133 plots. The data were checked for 
errors such as obvious species mis-identifications prior to analysis, and these were 
corrected or removed. 
Vegetation data were collected in unbounded (but usually 500 m2) plots using a 
method similar to that of Allen and McLennan (1983). Cover abundance was recorded 
for all plant species in up to six strata and the height range was recorded for each stratum 
in each plot. Strata were of variable height and represented ground «0.5 m), shrub (0.5-
2 m), lower-subcanopy (2-5 m), upper sub canopy (5-12 m) canopy (>12 m), and 
emergent (above canopy stratum) vegetation. Cover abundance was measured for each 
species in each stratum using cover classes of <1, 1-5,6-25,26-50,51-75, and 76-100%, 
based on their percentage cover in that stratum. Soil drainage was assessed as either 
good, medium or poor. 
4.3.1 Data analysis 
The information on stratum height and species cover were combined to give a 
single importance value for each species in each plot. Weights were individually 
calculated for each stratum using lOglO of stratum height. Species cover was then 
multiplied by these weights and summed by species over all strata. Simultaneous 
classification of plots and species was performed using the polythetic divisive technique 
of indicator species analysis (ISA: Hill et al. 1975) as implemented in TWINSPAN (Hill 
1979a). Divisions were individually examined and groups accepted at various levels 
depending upon their interpretability. Communities were named using the method of 
Atkinson (1985) with the following modifications; no brackets around species indicates 
> 10% cover, ( ) brackets indicate 5-10% cover, [ ] indicates <5% cover, and the term 
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forest is used to describe communities where trees are physiognomically dominant over 
shrubs. 
Detrended correspondence analysis (DCA) and detrended canonical 
correspondence analysis (DCCA) (Hill & Gauch 1980) of species cover abundance was 
then used to identify the dominant floristic compositional gradients and to determine the 
relationship of these gradients with the environmental variables. The program CANOCO 
(ter Braak & Smilauer 1998), with default options selected, was used to conduct the DCA 
and DCCA analyses. DCA provides an indirect ordination of the species by plot data 
matrix, identifying the dominant floristic compositional gradients independent of other 
factors. Conversely, DCCA is a form of direct gradient analysis that extracts the 
dominant floristic gradients with the constraint that they must be orthogonal linear 
combinations of the independent environmental variables. 
The eigenvalues in DCA and DCCA indicate the amount of variation accounted 
for by each gradient, while the gradient lengths indicate the amount of species turnover 
occurring along a gradient. For example, a gradient length of 4 is equivalent to 4 standard 
deviations (SD), meaning that species located at either end of this gradient do not co-
occur in the same plots, and that there are no species in common between plots located at 
either end of the gradient (Hill & Gauch 1980; Jongman et al. 1995). Comparison of 
DCA and DCCA ordination scores assists interpretation of the relative importance ofthe 
environmental variables in explaining the underlying floristic gradients. 
Spearman's rank correlation coefficients were used to compare the ordination 
output with two environmental variables, using SPSS. The environmental variables used 
were site and drainage (a 3 point scale of good, medium, or poor). Other south Westland 
studies using SWMEP data (Duncan et al. 1990; Norton & Leathwick 1990) have used 
the variables slope and soil depth in the analyses, however slope and soil depth data were 
unavailable in the dataset used here. 
Species richness was calculated for all communities identified by TWINSP AN 
and by floodplain, giving alpha diversity values for total species richness, conifer 
richness, angiosperm trees and shrubs (including Cordyline australis, a 
monocotyledonous 'tree') richness, liane richness, pteridophyte richness, dicotyledonous 
herb richness, monocotyledonous herb richness. S0rensons analysis, an index of 
similarity where scores close or equal to 1 indicate similarity between groups and 0 
indicates no similarity between groups, was used to compare the species composition, or 
beta diversity, of the sites and communities. 
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4.4 RESULTS 
4.4.1 Plant communities 
Five plant communities were identified between the first and fourth division 
levels in the indicator species analysis (Fig. 4.2) and are described below. Where 
possible common names of plants are used to keep community names simple. To aid 
interpretation of the communities, percent cover abundance for the main plant species 
(i.e. present in;::: 75% of plots in anyone community) are presented (Table 4.1). 
Comparable communities described in Wardle (1977) are indicated in square brackets at 
the end of each description. 
1. (Kahikatea)/kamahi/wheki/[hen and chickens fern] forest (54 plots) 
Dacrycarpus dacrydioides (kahikatea) is the dominant emergent conifer, with 
occasional Dacrydium cupressinum, Prumnopitys ferruginea, and Podocarpus totara 
also emergent. The canopy and sub-canopy are dominated by Weinmannia racemosa 
(kamahi) with Nothofagus menziesii appearing at the Paringa site. The upper shrub 
tier is dominated by Dicksonia squarrosa (wheki) with some Cyathea smithii, 
Schejjlera digitata and Griselinia littoralis. Asplenium bulbiferum (hen and chickens 
fern) is the most abundant ground cover species. Metrosideros diffusa is the most 
abundant liane, with Asplenium jlaccidum also occurring frequently as an epiphyte. 
178 species were recorded in this community (Table 4.2), with a mean species 
richness (± one standard error) of 42.6 ± 1.1 plof l . 89% of plots within this 
community occurred on soils with poor to medium drainage (Table 4.3). [cf 
Kahikatea forest, Ala; kahikatea hardwood forest, B2a] 
2. Rimulkamahi-(miro)/(wheki)/(rohutu)/kiekie forest (54 plots) 
D. cupressinum (rimu) is the dominant emergent conifer with occasional emergent D. 
dacrydioides present. W. racemosa is the dominant canopy and sub canopy species, 
with P. ferruginea (miro) a frequent component of these tiers. D. squarrosa and 
Neomyrtus pedunculata (rohutu) dominate the upper and lower shrub tier; other 
frequently found species in these tiers include Coprosma foetidissima, Pseudopanax 
crassifolius and Hedycara arborea. Freycinetia baueriana subsp. ban/rsii (kielde) and 
Nertera villosa are the most abundant ground tier species. M diffusa is the most 
abundant liane and the fern Hymenophyllum demissum is the most abundant epiphyte, 
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with Trichomanes reniforme and A. jlaccidum frequently occurring. 148 species were 
recorded in this community (Table 4.2), with a mean species richness of 43.6 ± 1.2 
piorl. 53% of plots within this community occurred on soils with poor to medium 
drainage (Table 4.3) [cj Rimu forest, A2a] 
Table 4.1: Mean percentage cover of species present in ~75% of plots in anyone 
community, and indicator species in each of the four communities. * species with <1 % 
cover; + species present in <75% of plots in community. 
Community 
1 2 3 4 5 
Dacrycarpus dacrydioides 10 + 8 + 
Weinmannia racemosa 15 20 8 
Dacrydium cupressinum 4 14 9 + 
Prumnopitys ferruginea 4 6 + 
Monoao colensoi + + 4 + + 
Dicksonia squarrosa 7 6 2 
Carpodetus serratus 3 + + 
Hedycarya arborea + 3 + 
Ascarina lucida + 2 + 
Griselinia littoralis 4 2 3 
Phyllocladus alpinus + + 8 
Schefflera digitata 3 + * 
Pseudowintera colorata + 2 + 
Coprosma foetidissima + 3 + 
Pseudopanax crassifolius 2 3 3 + 
Neomyrtus pedunculata + 6 6 + 
Myrsine australis + 2 + 
M divaricata + + 3 
Freycinetia baueriana 3 3 
Ripogonum scan dens 2 2 + 
Metrosideros diffusa 5 3 + 
Phymatosorus diversifolius 1 + + 
Asplenium flaccidum * * * 
A. bulbiferum 3 + + 
Blechnum novaeseelandiae + + 2 2 + 
Hymenophyllum demissum + 2 + 
Trichomanes reniforme * 1 1 + 
Nertera villosa 2 2 + 
Leptospermum scoparium 27 21 
Phormium tenax 11 * 
Gleichenia dicarpa 9 
3. (Kahikatea)-(rimu)/(kamahi)/(rohutu)-(mountain toatoa)/[Astelia sp.] forest (57 plots) 
D. dacrydioides and D. cupressinum are the co-dominant emergent conifers with 
occasional P. feruginea and Monoao colensoi. D. cupressinum and W racemosa, 
with P. ferruginea less abundant, dominate the canopy and sUb-canopy. N. menziesii 
is found in these tiers at the Paringa site. N pedunculata and P. alpinus (mountain 
toatoa) are the most abundant species in the upper and lower shrub tiers, with G. 
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littoralis and D. squarrosa frequently found in these tiers. Microlaena avenacea and 
Astelia spp. are the most abundant ground cover species. T reniforme is the most 
frequent epiphyte in this community. 196 species were recorded in this community 
(Table 4.2), with a mean species richness of37.0 ± 1.2 piorl. 88% of plots within 
this community were on soils with poor or medium drainage (Table 4.3).[cf Rimu-
kahikatea forest, A2b; Rimu -silver pine forest, A2c]. 
4. [Kahikatea]/manukaiflax-(Coprosma parviflora)lJuncus spp. shrub-wetland (10 
plots) 
Sparse D. dacrydioides saplings are emergent over an upper and lower shrub tier 
dominated by Leptospermum scoparium (manuka). Phormium ten ax (flax) is co-
dominant in the lower shrub tier. Coprosma parviflora is also abundant in the shrub 
tier. Carex and Juncus species dominate the ground tier. 58 species were recorded in 
this community (Table 4.2), with a mean species richness of 14.4 ± 2.0 piorl. 100% 
of plots within this community occurred on soils with poor drainage (Table 4.3) [cf 
Open kahikatea forest transitional to swamp, B 1]. 
5. Manuka-(silver pine)/flax-Coprosma shrub-wetland (9 plots) 
L. scoparium is the dominant shrub, with M colensoi (silver pine) being abundant in 
the upper shrub tier. Empodisma minus dominates the ground tier, with Gleichenia 
dicarpa, Gahnia rigida and Juncus spp. abundant in this tier. Blechnum 
novaeseelandiae is the most abundant fern. 45 species were recorded in this 
community (Table 4.2), with a mean species richness of9.9 ± 1.7 piorl. 89% of plots 
within this community occurred on soils with poor drainage (Table 4.3) [cf Lowland 
infertile swamp, K2]. 
Table 4.2: S between the five communities. 
3 Communit 4 Communit 5 
Conifers 6 6 
Angiosperm trees 17 13 
and shrubs 
Lianes 14 12 12 0 0 
Ferns and fern allies 45 54 51 13 8 
Dicotyledonous 21 4 17 1 4 
herbs 
Monocotyledonous 39 29 55 21 14 
herbs 
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Figure 4.2: Dendrogram from the ISA classification showing indicator species and relationships between the five communities. Dacdac, Dacrycarpus 
dacrydioides; Triren, Trichomanes reniforme; Psecra, Pseudopanax crassifolius; Gledic, Gleichenia dicarpa; Lepsco, Leptospermum scoparium; Weirac, 
Weinmannia racemosa ; Photen, Phormium tenax; Ripsca, Ripogonum scandens; Aspbul, Asplenium bulbiferum; Hedarb, Hedycara arborea; Freban, 
Freycinetia baueriana subsp. banksii; Metdif, Metrosideros diffusa; Moncol, Monoao colensoi; Phyalp, Phyllocladus alpinus; Schdig, Schejjlera digitata; 
Carser, Carpodetus serratus; Copfoe, Coprosma foetidisima; Metful, Metrosideros fulgens. 
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Nearly 70% of plots at Company Creek occurred within the rimu dominant 
forest community, while a quarter of all plots occurred within the kahikatea-rimu 
forest community (Fig 4.3). Only a small proportion of plots were within the 
kahikatea dominant forest community. The kahikatealmanuka wetland community 
was absent at this location, while a very small proportion ofthe plots occurred within 
the manuka-silver pine wetland community. Over 50% of the plots on the 
Ohinetamatea River floodplain occurred within the kahikatea-rimu community, with 
25% ofthe plots occurring within the kahikatea community. Less than 20% of the 
plots occurred within the rimu community, while <5% of plots respectively occurred 
within the two wetland communities. Nearly 40% of plots on the Karangarua River 
floodplain occurred within the kahikatea community, while nearly 30% of plots 
occurred within the rimu community. Just over 20% of plots occurred within the 
kahikatea-rimu community. Less than 7% of plots occurred in the manuka-silver pine 
community, while <3% occurred within the kahikatealmanuka community. Just over 
30% of plots on the Paringa River floodplain occurred within the kahikatea 
community, while 36% of plots occurred within the kahikatea-rimu community. The 
rimu community was a small component of this floodplain, with <5% of plots. 24% of 
plots occurred within the kahikatealmanuka community, while <5% occurred within 
the manuka-silver pine community. 
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Figure 4.3: Proportion of plots at each site by forest community 
4.4.2 Ordination of the riparian dataset 
Ordination of the data by DCA validates the five communities derived by 
TWINSPAN analysis (Fig 4.2), clearly separating the plots on the basis of these 
communities (Fig. 4.4). The three forest communities, which lie to the left of axis 1, 
are relatively distinct from the two shrub-wetland communities at the right of axis 1. 
The three forest communities are relatively distinct from each other, although there is 
a higher degree of overlap than with the shrub-wetland communities. Conversely the 
two shrub-wetland communities are separated from each other on axis 2. The floristic 
gradient is most strongly correlated with drainage on Axis 1 of the DCA, and with site 
on Axis 2 (Table 4.4). 
Table 4.4: Spearman rank correlation (rs) coefficients calculated between the first two DCA 
and DCCA ordination axes for all communities and species. 
DCA correlation DCCA 
coefficient correlation 
coefficient 
Environmental variable Axis 1 Axis 2 Axis 1 Axis 2 
Site 0.17 0.28 0.60 0.24 
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Figure 4.4: Location of plots relative to the fIrst two DCA axes, by ISA community. Axis 
scales are in units of average standard deviations of species turnover. 
The first two axes of the DCA ordination have eigenvalues of 0.569 and 0.300 
respectively (Table 4.5) indicating that most of the floristic variability is accounted for 
by these two axes. It is interesting to note that the gradient lengths of the DCCA are 
nearly one third of the gradient lengths of the DCA (Table 4.5). This suggests that 
when the floristic gradient is constrained by the environmental variables the plots are 
not separating out as clearly in terms of floristic dissimilarity as was the case with the 
DCA. Spearman's rank correlation coefficients show moderately strong similarities 
between the first axis, and moderate similarities between the second axis, of the DCA 
and DCCA. 
Table 4.5: Eigenvalues and gradient lengths (SD) for the fIrst two axes of the DCA and 
DCCA ordinations for all communities and species. Spearman's rank correlations (rs) of the 
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4.4.3 Community and site comparisons of species richness 
Two hundred and sixty five species were recorded from all four floodplain 
sites (Table 4.6). The greatest number of species (181) was recorded at Company 
Creek while the lowest number of species (162) occurred at Ohinetamatea. The 
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greatest number of species by group occurred in the angiosperm trees and shrubs (41-
49), ferns and fern allies (49-52), and monocotyledonous herbs (33-45). Lianes and 
dicotyledonous herbs had the lowest number of species (13, 7-20, respectively). 
Table 4.6: Comparison of species richness (gamma diversity) by taxonomic group at the four 
flood lain sites. 
Com an Creek Ohinetamatea Karan arua Parin a Total 
Conifers 13 11 10 11 14 
Angiosperm trees 45 46 49 41 66 
and shrubs 
Lianes 13 13 13 13 15 
Ferns and fern allies 49 52 49 45 64 
Dicotyledonous 16 7 8 20 34 
herbs 
Monocotyledonous 45 33 40 41 72 
herbs 
Total s ecies 181 162 169 171 265 
Total species richness per community ranged from 45 - 196, with the highest 
number recorded in Community 3 and the lowest in Community 5 (Table 4.2). The 
number of conifer species ranged from 6 in Communities 4 and 5 through to 12 in 
Community 3. Species richness in the angiosperm trees and shrubs group ranged 
from 13 in Community 5 to 50 in Community 1. There were no lianes present in 
communities 4 and 5, but species richness in Communities 1 to 3 was 12 - 14. 
Species richness of ferns and fern allies was highest in the three forest communities 
(45 - 54). The species richness of dicotyledonous herbs was lowest in Community 4 
(1) and highest in Community 1 (21), while the species richness of monocotyledonous 
herbs was lowest in Community 5 and highest in Community 3 (55). 
Analysis by S0rensons coefficient confirmed site differences (Table 4.7), 
particularly in the dicotyledonous and monocotyledonous herb groups. For example, 
the S0rensons index for dicotyledonous herbs of the Ohinetamatea and Paringa rivers 
was 0.36. The species composition of the conifer, angiosperm trees and shrubs, 
lianes, and pteridophyte groups were relatively similar between all sites, usually only 
differing in one or two species. For example, the conifers Halocarpus bidwillii and 
Lepidothamnus laxifolius were only found at one site (Karangarua and Company 
Creek respectively) while D. dacrydioides and D. cupressinum occurred at all sites. 
4-14 
Table 4.7: Matrix of S0rensons coefficient (Ss) of similarity for species within the six guilds 
on the four floodplains. The angiosperm trees and shrubs group includes the 
monocotyledonous cabbage tree (Cordyline australis). The groups have all species in 
common if Ss = 1.0 and have no species in common if Ss = o. 
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Analysis by S0rensons coefficient confirmed the differences observed in the 
TWINSP AN and ordination analyses, between the forest and wetland connnunities 
across all species groups (Table 4.8). The three forest connnunities were relatively 
similar in terms of species composition ofthe conifers, angiosperm trees and shrubs, 
lianes and pteridophytes. The two wetland communities were relatively dissimilar in 
all species groups. Differences between connnunities were most apparent in the 
species composition of the dicotyledonous herb and monocotyledonous herb groups, 
where the S0rensons index was 0.48-0.82. For example, the only dicotyledonous herb 
in Connnunity 4 was the introduced grass Agrostis capillaris (at Paringa), while 
Nertera depressa, Nertera setulosa, Drosera spathulata and Celmisia gracilenta were 
the only dicotyledonous herbs in Connnunity 5. 
0.80 
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Table 4.8: Matrix of S0rensons coefficient (Ss) of similarity for species within the five 
floodplain communities. Community 1, (Kahikatea)lkamahi/wheki/[hen and chickens fern]; 
Community 2, Rimulkamahi-(miro)/wheki/(rohutu)/kiekie; Community 3, (Kahikatea)-
(rimu)/(kamahi)/(rohutu)-(mountain toatoa)/[Astelia spp.]; Community 4, 
[Kahikatea]/manukalflax-(C. parviflora)lJuncus spp.; Community 5, Manuka-(silver 
pine)/flax-Coprosma spp. The angiosperm trees and shrubs group includes the 
monocotyledonous cabbage tree (Cordyline australis). The groups have all species in 
common if Ss = 1.0 and have no species in common if Ss = o. 
4.4.3.1.7 Conifers 4.4.3.1.8 Angiosperm trees and 
shrubs 
Comml Comm2 Comm3 Comm4 Comml Comm2 Comm3 Comm4 
Comm2 0.88 0.90 
Comm3 0.92 0.86 0.86 0.86 
Comm4 0.88 0.80 0.80 0.50 0.56 0.62 
Comm5 0.70 0.58 0.72 0.66 0.44 0.46 0.56 0.70 
4.4.3.1.9 Lianes 4.4.3.1.10 Pteridophytes 
Comml Comm2 Comm3 Comm4 Comml Comm2 Comm3 Comm4 
Comm2 0.96 0.90 
Comm3 0.92 0.92 0.92 0.94 
Comm4 0.58 0.52 0.58 
Comm5 0.32 0.32 0.38 0.56 
4.4.3.1.11 Dicotyledonous herbs 4.4.3.1.12 Monocotyledonous herbs 
Comml Comm2 Comm3 Comm4 Comml Comm2 Comm3 Comm4 
Comm2 0.48 0.76 
Comm3 0.60 0.56 0.82 0.78 
Comm4 0.16 0 0.20 0.58 0.76 0.56 
Comm5 0.14 0.40 0.18 0 0.50 0.44 0.48 0.68 
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4.5 DISCUSSION 
This study set out to describe the plant communities of four south Westland 
riparian forests, to examine the effect of drainage on floristic patterns, and to examine 
patterns of species richness between plots, communities and sites. The results show 
that there were three distinct forest communities and two scrub-wetland communities 
present. These communities were generally comparable with communities described 
by Wardle (1977), Duncan et al. (1990) and Norton & Leathwick (1990) in similar 
forests. Although the three forest communities occurred at all sites, site differences 
were apparent, particularly in the extent of each community. 
It is likely that the extent of the different forest communities by site reflect the 
history of flood disturbance, with the four study floodplains having different 
hydrological regimes. Decamps (1996) suggests that there are three characteristic 
riparian forest types depending on the disturbance process responsible for triggering 
succession. These include the forests adj acent to an active river where succession is 
or has been largely driven by hydrological processes; this study suggests that D. 
dacrydioides dominant forest (Community 1) are characteristic of this type of forest. 
At the other extreme is the forest where succession is driven by gap creation or 
competitive exclusion (Duncan 1993); D. cupressinum dominant forest (Community 
2) is considered by this study to be representative of this type. The third type is what 
Decamps (1996) terms a transition forest, where the processes driving succession are 
changing. This transition forest is considered to be represented by the D. 
dacrydioides-D. cupressinum forest (Community 3). 
The Company Creek site is quite clearly different from the other three sites in 
that the majority of plots were in D. cupressinum dominant forest cf D. dacrydioides 
or D. dacrydioides - D. cupressinum forest. This river has a relatively small 
catchment (33 km2) and rainfall « 5000 mm yr-1) compared to the other sites (~ 100 
km2 and> 5000 mm yr-l, respectively) therefore catastrophic flood events are less 
likely to occur. Conversely the majority of the riparian forests ofthe other three 
rivers show evidence of recent or relatively recent flood disturbance because of the 
dominance of D. dacrydioides. Data on soil ageing, nutrient loss and forest 
composition in South Westland (Sowden 1986) suggest that the D. dacrydioides 
forest communities have established <1000 yr BP, while the D. dacrydioides - D. 
cupressinum communities established c.1000 - 3000 yr BP. However, the relative 
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number of plots that occurred in the D. cupressinum - D. dacrydioides forest cf. the 
D. dacrydioides forest suggests that the recently active flood zone is relatively small, 
even for large dynamic rivers. 
Drainage accounted for much of the floristic variability and, while it will have 
a physiological effect on plant growth, it is indicative of other soil conditions (e.g. 
fertility). Sowden (1986) has demonstrated for a south Westland site that nutrient 
status and drainage decrease with time since the last flood disturbance, and that this 
occurs on a gradient away from the river. Westland soils age rapidly due to the high 
rainfall (Mew & Palmer 1989), and the vegetation tends to reflect fertility gradients 
(Chavasse 1971; Mew 1980; Smith & Lee 1984; Sowden 1986; Reif & Allen 1988; 
Duncan et at. 1990; Norton & Leathwick 1990; Stewart et at. 1993; Norton 1994). 
This relationship was adapted by Norton & Leathwick (1990) who proposed that there 
is a gradient of soil favourability linked to landform (an indirect environmental 
gradient) in south Westland forests. For example, they found a distinct vegetation 
gradient on the Poerua floodplqin with kahikatea forest closest to the river grading 
back into rimu-kahikatealkamahi forest, and attributed this to soil rejuvenation 
through overbank flooding. Hodges (1997) notes similar gradients and patterns of 
succession on floodplains in south eastern USA. 
It has been suggested that succession in D. dacrydioides forest to D. 
cupressoides was due to soil ageing and nutrients, such as phosphorous, becoming 
less available (Wardle 1974; Norton & Leathwick 1990). However Duncan (1991, 
1993) has shown that the primary driver in the establishment and succession of 
canopy podocarps is the scale and intensity of historical or contemporary disturbance 
regimes. Large scale disturbances caused by catastrophic flooding or earthquakes 
(Wells et at. 1999; Cullen et at. unpublished data) create suitable establishment sites 
for D. dacrydioides, while smaller scale disturbances, such as treefall (Norton 1989) 
provide establishment sites for D. cupressoides and P. ferruginea. However it is 
important to note that disturbance regime and soil nutrient status are correlated 
(Sowden 1986; Norton 1989), andD. dacrydioides grows better on fertile sites, while 
D. cupressinum may have a competitive advantage on infertile sites (Hawkins & 
Sweet 1989). 
A fertility and drainage gradient is obvious in the two minor shrub-wetland 
communities. Phormium tenax is characteristic of fertile wetlands which are 
replenished through flooding, while manuka and silver pine are characteristic of less 
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fertile wetlands which are primarily rain fed (Wardle 1991). The manukalflax-
Coprosma shrub land tends to be associated with areas of open water and these are 
comparable to the swamp kahikatea communities identified by Wardle (1977). 
Norton & Leathwick (1990) observed that this was not an extensive community on the 
Poerua floodplain. The manuka-silver pine community is comparable with lowland 
infertile swamp (Wardle 1977), and tends to border open, very infertile, mires (Norton 
1989). 
4.5.1 Species richness 
Studies of riparian vascular plant communities have concluded that they 
exhibit unusually high levels of species richness, particularly relative to adjacent 
upland forest (Naiman et al. 1993). New Zealand's indigenous flora contains c.2300 
vascular species (Wardle 1990), therefore the flora of these four forested floodplains 
represent c.12% of the total flora. Nilsson et al. (1988) found 18% of the total 
Swedish flora in the riparian zone of four rivers, while c.20% of the trees found in the 
Amazon are located in the flooded forest zone (Junk 1989), and 19% of the French 
vascular flora is found along the Ardour River (Tabacchi et al. 1990). The high 
richness of vascular plants in the riparian zone is thought to be due to the 
environmental heterogeneity, productivity, and resource diversity of these systems 
(Naiman et aI1993). 
Wardle (1990) notes that forests with a vascular species richness >70 tend to 
be on fertile soils, such as floodplains. For example, 77 species or species groups 
(e.g. Uncinia spp.) were recorded in riparian forest in Westland National Park, while 
66 species were recorded in adjacent tall forests on slopes < 400m asl (Wardle 1979). 
101 vascular plant species were recorded alongside the Poerua River (Chapter 3). 
Internationally, riparian forests on floodplains tend to have a high diversity of 
shrubs, epiphytes, herbs and bryophytes, but they are not noted for a high diversity of 
trees. Monotypic stands typically develop in some areas due to stressed conditions 
(e.g. high water table) (Brinson & Verhoeven 1999), possibly including frequent 
catastrophic disturbance. Certainly the forests in this study were dominated by a few 
tree species, as seen in the naming of the communities, however 33 trees and 40 
shrubs were recorded in this study. Some 37% of New Zealand's ferns and fern allies 
also occurred on these floodplains. Asplenium bulbiferum, Pneumatopteris 
pennigera, Cyathea smithii and Blechnum fluviatile dominate fern flora's of alluvial 
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soils (Wardle 1977; Duncan et al. 1990; Norton & Leathwick 1990). Norton (1994) 
found that the distribution of ferns and fern allies was strongly related to topography 
and, particularly, variations in soil wetness, although he did not investigate ferns on 
alluvial soils. 
The mean species richness per plot (37 - 44) in this study is relatively high 
when compared to central Westland montane forest (24 - 37) (Reif & Allen 1988). 
Unfortunately Duncan et al. (1990) and Norton & Leathwick (1990) do not report 
species richness in their studies of South Westland forests, although it can be assumed 
that the species richness for the forests they studied is similar (D. Norton pers. 
comm.). The results from Reif & Allen (1988) and this study both fall within the 
range of central North Island podocarp-angiosperm forest (28 -51) (Leathwick 1987; 
Leathwick et al. 1988; Burns 1995). Burns (1995) recorded a mean species richness 
of 52 species per sample, with a range of 24 - 70 species per plot in Northland kauri 
(Agathis australis) forest, however these forests are noted for their high number of 
vascular species, particularly woody plants (McGlone 1985). 
Leathwick et al. (1998) and Ohlemuller & Wilson (2000) have demonstrated 
that there is a general latitudinal gradient of woody species richness in New Zealand 
forests, with species richness tending to decline from North to South. However 
Ohlemuller & Wilson (2000) found that there is a greater altitudinal effect on total 
species richness in New Zealand, with lower richness at higher altitude. But it is the 
woody species, and not the ground tier species that drive both trends. Leathwick et al. 
(1998) concluded that the alpha diversity of trees in New Zealand is highest on sites 
with high productivity, and that the disturbance history is also a factor. 
The greater species richness observed in the D. dacrydioides - D. cupressinum 
forest (nominally transitional forest, Decamps 1996) could be seen as support for the 
Intermediate Disturbance Hypothesis (Connell 1978), although this research was not 
set up to test that hypothesis (Bartha et al. 1997). The pattern may reflect the 
overlaying of a new, smaller-scale, disturbance regime over a community established 
by a large-scale disturbance event, creating a whole new set of environmental 
conditions. 
Beta diversity is the difference in species between communities (Whitaker 
1972). In this study the beta diversity between the three forest communities was least 
in the conifers, angiosperm trees and shrubs, lianes, pteridophytes, and greatest in the 
dicotyledonous and monocotyledonous herbs. These latter two groups are likely to 
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respond to topography and soil conditions at a scale smaller than the plot size. For 
example, changing elevation by a few centimetres can have a marked effect on site 
quality (e.g. soil wetness), and thereby on species occurrence (Hodges & Switzer 
1979; Wharton et al. 1982; Duncan 1991, 1993; Hodges 1997, 1998). The beta 
diversity (Table 4.2) tended to be greatest across all groups between the two wetland 
communities and the forest communities. As indicated earlier this is probably due to 
fertility differences, with the low fertility manuka-silver pine wetland exhibiting the 
greatest differences in all groups. Species differences between the four floodplains 
(gamma diversity sensu Whitaker (1972)) were again greatest in the dicotyledonous 
and monocotyledonous herbs, although overall the sites appeared relatively similar. 
Hodges (1997) notes that for many riparian forests on floodplains in the USA the 
species are similar, there are just differences in abundance. 
4.6 CONCLUSION 
This study demonstrated that riparian forest communities on floodplains are 
recognisable and repeatable entities in the south Westland landscape. The three forest 
communities reflect the succession of canopy podocarps through different disturbance 
regimes, with the scale and intensity of disturbance regimes in these forests 
responsible for the community patterns at the landscape scale. For example, the high 
proportion of plots within D. dacrydioides or D. dacrydioides - D. cupressinum forest 
on the three largest river floodplains reflect the dynamic nature of these systems. 
Conversely, the high proportion of plots in D. cupressinum forest on the smallest river 
floodplain reflects low level flood disturbance in the past. The relatively high species 
richness of these forests is considered to reflect site heterogeneity and productivity, a 
consequence of the disturbance regime and the multiple and interacting environmental 
gradients (such as drainage and fertility) operating at a range of scales. 
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5 FOREST PATCHES IN THE LANDSCAPE: 
REPRESENTATIVES OF A PAST AND FUTURE CONDITION 
5.1 INTRODUCTION 
Due to extensive forest clearance, old-growth forest1 on alluvial soils are under 
represented within most landscapes and are therefore considered significant at a national 
level (MfE 1997). The tall podocarp (Podocarpaceae) forests on the floodplains of 
central Westland, and to a lesser extent south Westland, have been cleared for agriculture 
over the last 120 years leaving only small scattered forest and scrub patches (Chapter 2). 
Forest associations such as Prumnopitys taxifolia-Podocarpus to tara or Dacrycarpus 
dacrydioides forest are particularly under-represented within these landscapes 
(McCaski1l1960; McSweeny 1982; Awimbo et at. 1996; Norton & Smith 2001; Chapter 
2). 
The protection and management of forest remnants on Westland's floodplains 
have been advocated for at least two decades (McSweeney 1982; Awimbo et at. 1996; 
Chapter 2), and this is now becoming increasingly likely (Norton & Smith 2001). 
Maintaining the stand structural dominants ofthese forest patches was identified as a key 
issue requiring resolution in order to meet the goal of maintaining and enhancing nature 
conservation values in these landscapes (Chapter 2). This requires an understanding of 
stand dynamics, and the consequences of changed disturbance regimes and ecological 
processes (Hobbs 1987; Saunders et at. 1991) on stand dynamics, if these patches are to 
be managed and maintained effectively into the future. Small patches of forest in an 
agricultural matrix are subject to a range of processes that are different to those 
encountered by intact forest, and this has an effect on the dynamics and composition of 
patch biota (Saunders et at. 1991; Young & Mitchell 1994; Bums et al. 1999; Denyer 
2000). In particular, the disturbance regimes that controlled stand dynamics (Duncan 
1993) are likely to have changed (Hobbs 1987) and this may affect their persistence in 
the landscape in a desirable condition. 
South Westland's intact floodplain forests provide a model of stand dynamics in a 
naturally functioning system. These forests are a mosaic of even aged stands or cohorts 
of trees that have established in response to disturbance events. Most stands were 
initiated following catastrophic floods or earthquakes (Duncan 1993; Ogden & Stewart 
1995; Wells 1998; Cullen et al. unpublished data), and these disturbance events are 
integral to the long-term maintenance of po do carp dominant forests (Ogden & Stewart 
1 The term old-growth is used here to mean trees or forest that established prior to European settlement of 
New Zealand in the C19th. 
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1995). Stand initiation may last several hundred years, after which time regeneration of 
the canopy dominants largely ceases, due mainly to a lack oflight (Smale 1984; Ebbett 
1998; Wells et al. 1999). D. dacrydiaides and P. tatara seedlings, in particular, require 
high light levels to grow (Ebbett & Ogden 1998). Seedlings that do recruit into the 
sapling class are invariably suppressed under a closed canopy, and most will eventually 
die (Smale 1984). In the absence of a large scale disturbance event there is likely to be 
floristic change, with Dacrydium cupressinim replacing D. dacrydiaides or P. tatara, and 
angiosperm trees becoming dominant (Duncan 1991, 1993). 
Recent research by Burns et al. (2000) has raised the issue that in many regions of 
New Zealand, indigenous forest may only be represented by stands of trees that have 
regenerated following initial forest clearance, and that these may not necessarily be 
representative of the original forest association. Certainly in many parts of Westland D. 
dacrydiaides scrub is regenerating profusely on marginal areas of farmland or cut over 
forest (Gleason 1980). This may have implications both for the conservation values 
ascribed to a patch of forest, particularly if it isn't a remnant, and the ways in which these 
forest patches are managed to maintain or increase their conservation value. 
This study seeks to determine the history of a sample of floodplain forest patches, 
and to predict their likely future structure and composition in the landscape. A stand 
dynamics approach is used to do this, addressing the following two questions: 
• Are these forest patches remnants of old growth forest, or have they 
established since forest clearance? 
• Is there evidence of ongoing regeneration and recruitment of the podocarps D. 
dacrydiaides, P. tatara, and P. taxifalia in these patches? 
A further question addressed by this research is: 
• Are the biological communities within these forest patches representative of 
intact riparian forest communities elsewhere in south Westland? 
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5.2 STUDY AREA 
The floodplains of the Hokitika and Harihari Ecological Districts (ED) (Plate 5.1, 
5.2) result from post-glacial river deposition and dissection. The soils of the main 
floodplains are derived from greywacke, granite, and schist, and range from well to 
poorly drained. The most fertile and free-draining soils occur on the recent alluvial 
terraces and fans (Mew 1980). Prior to 1860 indigenous podocarp forest communities 
covered the landscape. On well drained stony soils of the Hokitika ED Prumnopitys 
taxifolia and Podocarpus totara were emergent over a lower canopy of Weinmannia 
racemosa, Pseudopanax crassifolius, Aristotelia serrata, Pennantia corymbosa, 
Griselinia littoralis, Fuschia excortica, Carpodetus serratus and Pittosporum coiensoi, 
and a shrub layer of Pseudowintera coiorata and Coprosma spp (Awimbo 1992). On 
imperfectly drained sites large scattered Dacrycarpus dacrydioides with occasional 
Dacrydium cupressinum and Prumnopitys ferruginea were emergent over a dense canopy 
of W. racemosa, C. serratus, P. corymbosa, Melicytus ramiflorus, Schefflera digitata, A. 
serrata, F. excortica, P. crassifolius, Eiaeocarpus hookerianus and tree ferns. Dense 
stands of D. dacrydioides with a light subcanopy of W. racemosa, E. dentatus, G. 
littoralis. and treefems occurred on very poorly drained sites, e.g. deep silts along rivers 
(Awimbo 1992). Stands of P. totara, P. totara - P. taxifolia, and P. totara - P. taxifolia 
- D. dacrydioides occurred on the soils of the Harihari ED (McSweeney 1982). The 
understorey is likely to have been similar to that described for the Hokitika ED. 
Plate 5.1: Forest patches on the Hokitika floodplain, Hokitika Ecological District. The Cook 
forest patches are in the centre of the photo, while the Kaniere River, a tributary of the Hokitika 
River, bisects the lower left. Mt Doughboy and the Southern Alps are in the background. 
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Plate 5.2: Forest patches on the Whataroa floodplain, Harihari Ecological District. Ballyhooly 
Bush is the largest patch, centre-right of the photo, with the Waitangitaona River to the right, and 
the Southern Alps in the background. 
Mean annual rainfall at Hokitika is 2900 nun, 5700 nun at Kokatahi Valley and 
Harihari, and 4200 m at Whataroa (Tomlinson & Sansom 1999). Sunshine hours are 
relatively high (43% of possible time), with a mean annual temperature of 11°C (Hessell 
1982). 
5.2.1 Site selection 
Eighteen forest patches on nine farms and one Scenic Reserve on floodplains 
within the Hokitika and Harihari EDs were selected for study (Fig. 5.1; Plate 5.1, 5.2; 
Table 5.1). These were considered to be representative of forest patches within the 
landscape, based on a detailed knowledge of the areas. The selection of the patches was 
constrained by whether access was provided by the landowner. Nine of the patches were 
fenced and not grazed, three patches were fenced but occasionally grazed (O'Reilly, 
Walls, Northcroft), and six patches were not fenced and consequently were grazed by 
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Figure 5.1: Study site locations within the Hokitika and Harihari Ecological Districts. The 
Houston and Duckett forest patches lie within the Houhou region, the Cook 1-6, 0 'Reilly, and 
Walls patches lie within the Kokatahi-Kowhitirangi region, the Levett 1 and 2 patches lie within 
the Harihari region, and Northcroft, Nolan and Dodunsld 1-3 patches lie within the Whataroa 
regIOn. 
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Table 5.1: Descri tors of the 18 forest atches in this stud . 
Patch name Ecological District No. of plots Grazed Fenced 
20xlOm 
Houston Hokitika 5 N Y 
Duckett Hokitika 7 N Y 
Cook 1 Hokitika 8 N Y 
Cook 2 Hokitika <1 1 Y N 
Cook 3 Hokitika <1 1 Y N 
Cook 4 Hokitika <1 2 Y N 
Cook 5 Hokitika 1-9 5 Y N 
Cook 6 Hokitika 1-9 4 Y N 
Walls Hokitika 1-9 9 Y Y 
O'Reilly Hokitika 1-9 8 Y Y 
Scenic Reserve Hokitika <1 1 N Y 
Levett 1 Harihari 1-9 9 Y N 
Levett 2 Harihari 1-9 7 N Y 
Dodunski 1 Harihari 1-9 7 N Y 
Dodunski 2 Harihari <1 4 N Y 
Dodunski 3 Harihari <1 4 N Y 
Northcroft Harihari >9 7 Y N 
Nolan Harihari >9 8 N Y 
5.3 METHOD 
A transect was established through the centre of each ofthe 18 forest patches, 
following the longest axis of the patch (Fig. 5.2). 20 x 10m plots were located every 20 
metres along the transect, starting at the remnant edge, with the long axis of the plot 
perpendicular to transect. In each plot the cover abundance of all native woody species 
and pteridophytes was estimated and ascribed to one of 7 cover classes (1 = <1 %, 2 = 1-
5%,3 = 6-10%, 4 = 11-25%, 5 = 26-50%,6 = 51-75%, 7 = 76-100%) in 5 height tiers 
(T1= emergent, >15m; T2= canopy, 10-15m; T3= sub-canopy, 8-10m; T4= shrub, 50cm 
- 4m; T5= ground, 0-50cm). The number of po do carp seedlings (15-135cm tall) and 
saplings (> 13 5 cm tall, <3 cm diameter at breast height (dbh)) in each plot were 
recorded. 
The dbh of all live and dead Dacrycarpus dacrydioides, Podocarpus totara, P. 
acutifolius, Prumnopitys taxifolia, P. jerruginea, Dacrydium cupressinum, and of 
angiosperms (> 3cm dbh) present in the canopy or sub-canopy was measured. Tree 
diameters were used to calculate the basal area of podocarp and angiosperm species, and 
derive age class distributions of the podocarp species. Age class distributions were not 
derived for P. acutifolius as these tended to be multi-stemmed and occurred within the 
shrub to sub-canopy tiers, not the canopy. 
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Figure 5.2: Location and orientation of 20 x 10m plots within each forest patch. 
A representative sample of D. dacrydiaides, P. tatara, P. taxifalia and D. 
cupressinum ~3 cm dbh from 11 of the 18 patches were cored with an increment corer at 
1.3 m above the ground to determine tree age. Trees within the Nolan and Northcroft 
patches had been cored for another study (Cullen et ai. submitted), so these data were 
also used. Cores were air dried, mounted and then sanded using successively finer 
grades of sandpaper until the growth rings were visible. Growth rings were counted 
under reflected light using a binocular microscope. The age of trees in which cores failed 
to reach the chronological centre were estimated by assuming that the chronological 
centre was at the tree's geometric centre (Norton et ai. 1987). The arcs of the inner 
growth rings were visible for the majority of cores that missed the chronological centre 
so the age of the missing portion was estimated using the geometric model in Duncan 
(1989). 
5.3.1 Data analysis 
Simultaneous classification of plots and species based on floristic composition 
and cover was performed with TWINSP AN (Hill et ai. 1975) using PC-RECCE (Hall 
1992). All default options were used. The second division level was used for 
classification ofthe forest patches into communities, based on interpretability ofthe 
communities. 
Detrended correspondence analysis (DCA) (Hill & Gauch 1980) ofthe log 
transformed cover abundance data was used to identify the dominant floristic 
compositional gradients and correlate these with forest type and site. Log transformation 
reduces the effect of dominant species, in this case the canopy podocarps, on the 
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ordination. This analysis was conducted with the program CANOCO (ter Braak & 
Smilauer 1998) using default options. DCA provides an indirect ordination of the 
species by plot data matrix, identifying the dominant floristic gradients independent of 
other factors. The eigenvalues of DCA indicate the amount of variation accounted for by 
each gradient, while the gradient lengths indicate the amount of species turnover 
occurring along a gradient. 
Tree ages were regressed against dbh and the resulting equations used to derive 
age class distributions for the forest patches. The age and distribution patterns were used 
to place each patch into one of three successional stages: second growth, old-second 
growth, and old growth. Second growth patches are those where all trees are < 100-120 
years old, old-second growth patches contain trees> 100-120 years old, but where most 
of the regeneration has occurred ~ 100-120 years ago, and old growth patches are 
dominated with trees;::: 120 years old. Pearson correlation coefficients were derived for 
podocarp basal area against successional stage and forest type. Pearson correlation 
coefficients were also derived for angiosperm basal area against successional stage, cover 
abundance of podocarps in the canopy-emergent tiers, and forest type. Data from the two 
D. dacrydioides - W. racemosa forest patches (Houston and Duckett) were excluded 
from analysis of angiosperm basal area because of the extreme values and atypical 
dominance of W. racemosa in these 2 patches. 
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5.4 RESULTS 
5.4.1 Forest communities 
Three forest communities2 were identified at the second division level of the ISA 
(Fig. 5.3). Community naming follows the system proposed by Atkinson (1985) with the 
following modifications; no brackets indicate> 10% cover, () indicates 5-10% cover. 
Where possible common names of plants are used to keep community names simple. 
Weirac 
Coprot 
,.--_____ Kahikatea-kamahi/(rohutu) forest 
(2 forest patches, 12 plots) 
Dacdac 
Podtot 
,.--_____ Kahikateal(mahoe )/(round-Ieaved coprosma)-
(Podacu)-(katote) forest 
(9 forest patches, 39 plots) 
'--_____ Totara-matai/pate/round-Ieaved Coprosma 
forest (7 forest patches, 46 plots) 
Figure 5.3: Dendrogram from the ISA classification showing indicator species and relationships 
between the three communities. Weirac = Weinmannia racemosa, Coprot = Coprosma 
rotundifolia, Dacdac = Dacrycarpus dacrydioides, Podtot = Podocarpus to tara var waihoensis, 
Podacu = Podocarpus acutifolius. 
1. Kahikatea-kamahi/(rohutu) forest (12 plots). This community was comprised of the 
Houston and Duckett patches. 47 woody or fern species were recorded (Table 5.2) 
with mean species richness (± one standard error) of 19.0 ± 1 species piori. The 
canopy of this community is dominated by D. dacrydioides and W. racemosa, with D. 
cupressinum a minor component of the canopy of the Duckett patch. W. racemosa is 
also the dominant speci,es in the sub canopy. W. racemosa, Neomyrtus pedunculata 
(rohutu), and Dicksonia squarrosa are relatively abundant in the shrub tier, with 
2 The term community is used in its broadest sense to mean an association of species in a defmed area, 
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Hymenophyllum spp., D. squarrosa, and N pedunculata relatively abundant in the 
ground tier. 
2. Kahikatealround-Ieaved coprosma- (sharp leaved totara)-(katote) forest (39 plots). 
This community was comprised ofthe Cook 1-6, Walls, O'Reilly, and Scenic 
Reserve patches. 47 woody or fern species were recorded (Table 5.2) with mean 
species richness of 18.0 ± 0.8 species plorI. D. dacrydioides dominates the canopy 
of this community, withM ramiflorus (mahoe) the next most abundant species in 
this tier. D. dacrydioides is also found, along with P. taxifolia and D. cupressinum, 
in the emergent tier. The sub canopy is relatively sparse, with Schleffera digitata 
(pate), Coprosma rotundifolia (round leaved coprosma), D. squarrosa and 
Podocarpus acutifolius (sharp leaved totara) occurring in this tier. C. rotundifolia 
dominated the shrub tier, with P. acutifolius and the tree fern Cyathea smithii (katote) 
being relatively abundant. S. digitata, C. smithii and the fern Blechnum fluviatile 
were the most abundant ground tier species. 
3. Totara-matai/pate/round-Ieaved coprosma forest (46 plots). This community was 
comprised ofthe Levett 1 and 2, Dodunski 1-3, Nolan and Northcroft patches. 54 
woody or fern species were recorded (Table 5.2) with a mean value of 19.7 ± 0.6 
species plorI. P. totara and P. taxifolia are present in the emergent tier of four of the 
forest patches, and both species dominate the canopy of this community. Aristotelia 
serrata (wineberry), D. dacrydioides, Pennantia corymbosa (kaikomako) and W. 
racemosa also occur in the canopy tier. S. digitata, A. serrata, P. corymbosa, and D. 
squarrosa are relatively abundant in the sub canopy tier, with C. rotundifolia and S. 
digitata dominating the shrub tier. The ground tier was relatively sparse, with S. 
digitata, C. rotundifolia, and Raukawa anomalus the most abundant species. 































5.4.2 Ordination of cover data 
The ordination of cover data clearly separates plots on the basis of the three 
community types identified by TWINS PAN (Fig. 5.4). The P. taxi/oUa - P. totara forest 
plots lie to the bottom left quarter of the ordination diagram, and the D. dacrydioides 
forest plots lie to the middle of the diagram. There is a small amount of plot overlap 
between these two communities. Conversely the D. dacrydioides - W. racemosa lie to 
the right of the ordination diagram and are spread along a gradient on axis 2. The 
floristic gradient is most strongly correlated with forest type (r = 0.88, 0.44) and site (r = 
0.73, 0.51) on axes 1 and 2, respectively. The eigenvalues of 0.54 and 0.23 on axes 1 and 
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Figure 5.4: Location of the forest patch plots relative to the first two DCA axes, by ISA 
community. Axis scales are in units of average standard deviations of species turnover. The 
community names in the legend are derived from the first three letters of the genus and species 
names. 
5.4.3 Age class distributions 
The following regression equations were used to calculate the age of D. 
dacrydioides, P. taxi/oUa, and P. totara trees: D. dacrydioides age = 50.038 + (0.767 x 
dbh); P. taxi/oUa age = 92.114 + (1.19 x dbh); P. totara = 45.647 + (2.69 x dbh). All 
three linear relationships were significant (P ~ 0.01). The age class distributions allowed 
the grouping of patches into second growth forest, old-second growth forest, and old 
growth forest remnants (Table 5.3). 
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Table 5.3: Summary of forest patches which are old growth, second growth around old growth 
trees, or second growth forest. 
















Cook 2 - 6 
Scenic Reserve 
The reverse-J age class distribution ofthe seven second growth D. dacrydioides 
forest patches shows that D. dacrydioides established at these sites between 75 - 125 
years ago, with the main pulse of recruitment 50 -75 years ago (Fig. 5.5a). D. 
dacrydioides, P. taxifolia, and P. totara seedlings and saplings are present (Table 5.4), 
however there has been no recruitment into the canopy for the last 50 years. D. 
dacrydioides was the only podocarp species in the canopy of these forest patches. The 
density of dead D. dacrydioides was highest in the first three size classes (Fig. 5.8a), 
although the density of dead stems was variable. This is indicative of self-thinning 
caused by density-dependent mortality. 
The age class distribution in Figure 5.5b indicates that D. dacrydioides 
established at the Cook 1 site c.125-150 years BP (prior to forest clearance), with the 
peak of establishment occurring around these trees 50 -75 years BP. The few P. taxifolia 
present are older than the majority of D. dacrydioides trees (Fig. 5.5b). There were no D. 
dacrydioides or P. taxifolia saplings at this site despite seedlings being present (Table 
5.4), and there has been no recruitment of D. dacrydioides or P. taxifolia into the canopy 
for c.50 years and c.100 years, respectively. This was the only D. dacrydioides forest 
patch that sat within the old-second growth class. 
There was also only one old growth D. dacrydioides forest patch in this study 
(O'Reilly). The bell shaped age class distribution shows that D. dacrydioides trees 
established at this site c.150-175 years ago, reached a peak 100-125 years ago, and then 
declined as regeneration was inhibited by the growth of canopy trees (Fig. 5.5c). While 
D. dacrydioides seedlings are prevalent, particularly around the edges of this patch, there 
is no recruitment into the sapling class (Table 5.4) and there has been no recruitment of 
D. dacrydioides into the tree class for the last 50-75 years. The few P. taxifolia in this 
forest are older than the D. dacrydioides trees, and may be the remnants of an older forest 
stand. 
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Figure 5.5: Age class distributions of D. dacrydioides and P. taxifolia in a) second growth D. 
dacrydioides forest patches, b) an old-second growth D. dacrydioides forest patch, and c) an old 
growth D. dacrydioides forest patch. 
The age class distribution of the two D. dacrydioides - W racemosa forest 
patches indicates that the majority of D. dacrydioides trees established c.50-75 years BP 
(Fig 5.6). D. dacrydioides seedlings and saplings are present in both patches (Table 5.4), 
however there has been no recruitment into the tree class in the last 50 years. The very 
high density of dead D. dacrydioides in the first size class (Fig. 5. 8b) is evidence of self-
thinning caused by density-dependent mortality. 
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Figure 5.6: Age class distribution of D. dacrydioides in the D. dacrydioides - W. racemosa 
forest patches. 
Figure 5.7a indicates that the four old-second growth stands of P. taxifolia - P. 
totara trees were initiated c.l50 - 200 years BP. P. totara established 175 - 200 years 
BP, with P. taxifolia establishing 150 - 175 years BP. P. taxifolia established slightly 
later than P. totara, but peaked 100 - 125 years BP. The regeneration of P. taxifolia 
declined 125 - 150 years BP, but then peaked 100 - 125 years BP. P. to tara 
regeneration peaked 75 - 100 years BP, and then declined as regeneration was inhibited 
by the growth of canopy trees. D. dacrydioides established in several of these forests 75 
- 100 years BP, with peak establishment occurring 50 -75 years BP. There has been no 
recruitment of any podocarp species in the last 50 years, despite seedlings (except P. 
to tara) and saplings being present (Table 5.4). Self-thinning through density dependent 
mortality is evident in P. totara in the old-second growth P. taxifolia -Po to tara forest 
patches (Fig. 5.9a). The bell shaped distribution suggests that the peak of this mortality 
has passed. 
The age class distributions ofthe old growth P. taxifolia -P. to tara forest 
remnants (Fig. 5.7b) show a slow period of P. totara establishment 100 - 250 years BP. 
P. taxifolia entered the system later (150 - 175 years BP), with both peaking 100 - 125 
years BP, after which regeneration declines. D. dacrydioides enters the system at the 
time P. to tara and P. taxifolia are declining, peaking 50 - 75 years BP. There has been 
no recruitment of any podocarp species into the tree class in 50 years despite seedlings 
and saplings being present (Table 5.4). It is noteworthy that there are greater densities of 
D. dacrydioides seedlings and sapling in the old-second growth and old growth P. 
taxifolia -P. totara forest patches, than seedlings or saplings of the canopy dominants. 
The density of dead stems is less in these patches (Fig. 5.9b) than in the old-second 
growth patches (Fig. 5.9a). The distribution suggests that the peak of P. totara density-
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dependent mortality has passed, although mortality is now occurring in older sterns. The 
P. taxi/alia and D. dacrydiaides distributions are indicative of a low level of self-thinning 
through density dependent mortality. 
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Figure 5.7: Age class distribution of P. tatara, P. taxi/alia, and D. dacrydiaides in a) old-second 
growth P. taxi/alia - P. tatara forest patches, and b) old growth P. taxi/alia - P. tatara forest 
patches. 
Table 5.4: Mean density (stems ha-1 ) of seedlings and saplings in the forest patches, by 
successional sta e. 
D. dacrydiaides P. taxi/alia P. tatara 
seedlings saplings seedlings saplings seedlings saplings 
D. dacrydiaides 97 58 9 1 0 0 
second growth 
D. dacrydiaides old- 92 0 9 0 0 0 
second growth 
D. dacrydiaides old 20 0 0 0 0 0 
growth 
D. dacrydiaides - W. 114 79 0 0 0 0 
racemasa second 
growth 
P. taxi/alia - P. tatara 92 29 9 0 0 1 
old-second growth 
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Figure 5.8: Mean density (stems ha-1) of dead D. dacrydioides by size class for a) the second 
growth D. dacrydioides dominant patches and b) the second growth D. dacrydioides - W. 
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Figure 5.9: Mean density (stems ha-1) of dead P. taxi/alia, P. tatara, and D. dacrydiaides by size 
class in a) the old-second growth, and b) the old growth P. taxi/alia - P. tatara forest patches. 
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5.4.4 Podocarp and angiosperm basal area 
Podocarp basal area in the three communities is positively correlated with 
successional stage (r = 0.486, P = 0.04) (Fig. 5.10), i.e. basal area tends to be greater in 
the older stands. The correlation between podocarp basal area and forest type is positive, 



















Figure 5.10: Scatter diagram, with correlation coefficient, of po do carp basal area (m2) against 
successional stage of the forest patch. 1 = second growth, 2 = old-second growth, 3 = old growth. 
Angiosperm basal area in the D. dacrydiaides and P. taxifalia - P. tatara forest 
patches is positively correlated with successional stage (r = 0.645, P < 0.01) (Fig. 5.11a). 
There is a negative correlation between angiosperm basal area and the cover abundance 
of po do carps in the canopy-emergent tiers (r = -0.53, P = 0.035) (Fig. 5.11b), i.e. 
angiosperm basal area is greatest in forest patches with the lowest podocarp canopy 
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Successional stage 
Figure 5.11: Scatter diagram, with correlation coefficient, for a) angiosperm basal area against 
successional stage of the forest patch, and b) angiosperm basal area against cover abundance of 
the canopy podocarps. 
Data on basal area, composition, and cover abundance for individual forest 
patches are presented in Appendix 10.2. 
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5.5 DISCUSSION 
This study sought to determine the history of a sample of forest patches on the 
floodplains of the Hokitika and Harihari EDs and to make predictions about their likely 
future structure and composition. The composition and age-class structure of the forest 
patches were used to determine when the patch had established, and to determine 
whether there was ongoing regeneration and recruitment of podocarps into the forest 
canopy of these patches, or whether regeneration had ceased. 
5.5.1 Forest patch composition 
The forest patches within this study fall within one of three forest associations 
defined by the cover of the dominant tree species in the canopy: D. dacrydiaides, D. 
dacrydiaides- W racemasa, or P. taxifalia-P. tatara. These correspond with the forest 
types that originally dominated these floodplains, as described by Awimbo (1992) and 
McSweeney (1982) (see 5.2). The D. dacrydiaides or D. dacrydiaides - W racemasa 
forest patches were only found in the Hokitika ED, while P. taxifalia-P. tatara forest 
patches only occurred in the Harihari ED. Individual P. taxifalia trees did however occur 
within the D. dacrydiaides forest patches, and as individuals within paddocks (pers. abs.) 
As noted by Awimbo (1992), P. taxifalia-P. tatara forest associations did once occur in 
the Hokitika ED, but these forests were preferentially cleared when Europeans first 
arrived in Westland (McCaskill 1960; McSweeney 1982) and no examples remain. The 
forests of the Harihari ED were cleared later and just as extensively (McCaskill 1960; 
Maturin 1981). 
These forests once occurred on up to 43 000 ha of floodplain soils between the 
Hokitika catchment and the Paringa River (McSweeney 1982). Small numbers oflarge 
P. taxifalia were found in two ofthe D. dacrydiaides forest patches (Cookl and 
O'Reilly), while there were a greater amount of D. dacrydiaides stems in the P. taxifalia 
-Po tatara forest patches. Only D. dacrydiaides, D. dacrydiaides-D. cupressinum or D. 
cupressinum communities were identified in the extensive floodplain forests of south 
Westland (Chapter 4). These forests are based on very wet soils, and any P. taxifalia-P. 
tatara occurring on drier soils had already been cleared. 
The forest patches within the Harihari ED actually ranged from P. tatara 
dominant (e.g. Dodunski 1 and 2), to P. taxifalia - P. tatara dominant (e.g. Levett 1 and 
2), and P. tatara - P. taxifalia - D. dacrydiaides dominant (Dodunski 3) stands. These 
three associations were identified by TWINSP AN analysis, however the cut off level 
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used in this study grouped them as P. taxifalia - P. tatara. McSweeney (1982) notes that 
all three associations occurred within what is commonly called matai-totara forest. 
There is a relatively strong relationship between the species present and the forest 
type and site in this study. Apart from the forest type, however, these communities do 
not represent the full complement of vegetation that was likely to have been here prior to 
forest clearance. The species richness in the conifer, angiosperm trees and shrubs, lianes, 
and fern and fern allies groups in these forest patches (Table 5.2) is substantially less 
than in the intact riparian forests reported in Chapter 4. Studies in New Zealand and 
throughout the world have shown that small patches of vegetation tend to contain less 
species than larger patches andlor intact forest (e.g. Ussher 1987; Norton 1995; Whaley 
et ai. 1995). This is often considered to be a consequence of patch size and isolation, 
derived simplistically from MacArthur & Wilson's (1967) theory of island biogeography. 
The reasons are more complex, and may be related variously to the effect of forest 
clearance on ecosystem processes within the forest patches (Saunders et ai. 1987, 1991; 
Young & Mitchell 1994; Murcia 1995; Denyer 2000), the regional species pool and 
whether propagules are randomly or directionally distributed, whether the stand is a 
remnant of old growth forest or has deVeloped following the original forest clearance 
(e.g. Bums et ai. 1999,2000), and current management practises (e.g. grazing). For 
example, Gilfedder & Kirkpatrick (1998) found that the nature of the surrounding 
vegetation, fire, and grazing management had a critical effect on the complement of 
native and exotic species in forest remnants in Tasmania. The size of the remnant 
affected the species complement through its effect on habitat heterogeneity, while age, 
shape and proximity of other remnants per se had little or no effect on the species 
complement. 
5.5.2 Remnants and regeneration 
Only 5 of the forest patches studied are remnants of the original forest cover that 
were isolated through the clearance of the surrounding forest. Only 1 of these is D. 
dacrydiaides dominant (O'Reilly), while the others are P. taxifalia - P. tatara dominant. 
A roadside survey of the Hokitika River and Kaniere River floodplain indicates that the 
D. dacrydiaides patch may be one of the only, if not the only, old-growth D. 
dacrydiaides remnants in the district. Research by Cullen et ai. (unpublished data) and 
Wells et ai. (1998) suggests that many ofthe old-growth forests present on the 
floodplains of Westland when Europeans arrived were initiated following major 
earthquakes in 1610-1620 and 1717. It is possible that the P. taxifalia in the old growth 
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and old-second growth D. dacrydioides patches established following the 1610-1620 
earthquake, while the D. dacrydioides established following the 1717 earthquake. 
Despite clearing most of the floodplains, many Westland farmers left individual 
trees or clumps of trees for stock shelter and firewood (McCaski1l1960). The age and 
size class distributions for the Cook 1-6, Walls, and Dodunski 3 forest patches show 
some evidence of a bimodal distribution (Figures in Appendix 2), which suggests that 
most of the D. dacrydioides in these patches regenerated around trees that were left when 
the rest of the forest was cleared. Bums et at. (2001) found a similar pattern in the 
Waikato, where a small group of trees aged 200-450 years often formed the core of the 
forest patches, with trees c.75 - 125 years old having regenerated around these seed trees. 
Conversely the age and size class distributions of the remaining forest patches, 
Houston, Duckett, Scenic Reserve, and Dodunski 1-2, suggest that these stands have 
regenerated following complete land clearance. The capacity of forest to regenerate 
following logging or clearance is well established in Westland (Baxter & Norton 1989), 
and an unpublished Forest Service Survey in the 1970s identified that there was nearly 
7000 ha of regenerating D. dacrydioides forest in cutover bush or semi cleared land (Reid 
n.d.). 
W racemosa is a significant component of the Duckett and Houston patches, but 
is an insignificant component of all the other patches. This would appear to be due to the 
site history and conditions. Duncan (1993) records that mixed canopy stands including 
W racemosa establish if flood events are small, rather than catastrophic, and exposed 
logs and stumps are left as establishment sites. Given that forest clearance by humans 
was the disturbance agent at these sites, rather than flooding, it is most likely that these 
two areas were inadequately cleared and developed. Both sites are, and probably were, 
relatively wet, therefore it is likely that stumps and logs were left where they lay, rather 
than being burnt or removed. These would have provided suitable sites for the 
establishment of an overstorey of W racemosa and shrubs. D. dacrydioides and 
occasional D. cupressinum would then have established and grown through the 
overstorey. 
Norton (1991) found that podocarp seedlings and saplings established relatively 
easily under species such as W racemosa, which he attributed to the provision of perch 
sites for birds and the absence of allelopathy. D. dacrydioides will grow beneath a shrub 
canopy on recent flood deposits (Wardle 1974), although it appears unable to establish 
under a tree fern or W racemosa overstorey in small canopy gaps (Duncan 1993). D. 
cupressinum and P. ferruginea saplings are also able to grow through a W racemosa 
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overstorey in South Westland D. dacrydioides dominant forest (Poole 1937; Six Dijkstra 
et al. 1985). 
The age and size class data suggest that regeneration has ceased in all ofthese 
forest patches, irrespective of the presence of seedlings or saplings. Stand initiation in 
podocarp forest may last up to several hundred years (Ebbett 1998; Wells et al. 1999) 
until the lack oflight causes regeneration to cease (Smale 1984). Seedlings or saplings 
are then largely ephemeral, unless a major disturbance causes an increase in light 
availability. The presence of small D. dacrydioides trees in the P. taxifolia - P. totara 
remnants may be a consequence of increased light levels created by the clearance of the 
surrounding forest, and may be a good example of a situation where fragmentation has 
changed the species composition of a remnant. Certainly D. dacrydioides has the ability 
to colonise sites that were previously unavailable or unsuitable. For example, this 
species was a minor component in natural hill forest systems of Westland, but is 
regenerating profusely in cutover hill forest (D. Norton unpublished data). 
Self thinning through density-dependent mortality (intra- and inter-specific 
competition) is particularly evident in the second growth D. dacrydioides and D. 
dacrydioides - W. racemosa forest patches and the old-second growth P. taxifolia-P. 
totara forest patches. This is typical in young stands of D. dacrydioides in South 
Westland and is probably due to competition for light (Duncan 1993; Ogden & Stewart 
1995). The density dependent mortality of small P. totara in the old-second growth 
forest patches appears to have slowed down, and may soon cease. Mortality in the older 
trees is increasingly likely to be through windthrow and canopy damage. 
5.5.3 Predicting the future of these stands 
Natural floodplain forests are a mosaic of different aged stands of trees that have 
established in response to disturbance events at a range of scales (Duncan 1993; Ogden 
& Stewart 1995; Chapter 4). In the agricultural landscape of Westland many ofthe forest 
patches have established in response to forest clearance, while the composition and 
structure of the old growth forest remnants has been influenced by the clearance of 
surrounding forest. At a landscape scale these forest patches essentially represent the 
spectrum of stand development and succession identified by Duncan (1993), Ogden & 
Stewart (1995), Ebbett (1998), and Wells et al. (1999). 
In the absence of disturbance through catastrophic flooding or forest clearance, 
the following successional scenario is proposed. Young second growth stands will 
continue to self thin over the next 50 -100 years, and the basal area of the remaining 
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trees will increase. Mortality in the older, larger trees will occur through disturbance 
events such as wind throw and with subsequent canopy damage and disease, or merely 
through senescence over the next 100-200 years. Angiosperm trees will probably 
become more prevalent over a period of several hundred years, or sooner in the older 
renmants, as the density and canopy cover of the podocarp trees decreases. Whilst 
seedlings and some saplings may establish in or around the margins of these forest 
patches they are unlikely to recruit into the tree class. One exception in this study to this 
scenario is where D. dacrydioides recruited into the old growth P. taxifolia - P. totara 
renmants as light levels increased following the clearance of surrounding forest. It is 
possible that in this instance D. dacrydioides will become a more dominant component in 
the canopy in time. The no further disturbance model is represented graphically in figure 
5 .12a, while figure 5 .12b represents podocarp and angiosperm succession and dominance 














Figure 5.12a: Hypothetical trajectory of stand dominance by podocarp species (solid line) and 
angiosperm species (dotted line) in the absence of catastrophic disturbance. 
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Figure 5.12b: Hypothetical trajectory of stand dominance by podocarp (solid line) and 
angiosperm (dotted line) species in the presence of periodic catastrophic disturbance. 
5.5.4 Protecting representativeness? 
The traditional approach to conservation in New Zealand is to seek to preserve 
the full range of natural variation characteristic of a landscape or region prior to the 
arrival of humans (Austin & Margules 1986; Kelly & Park 1986; O'Connor et al. 1990), 
i.e. representativeness. For example, New Zealand's Reserves Act 1977 and Biodiversity 
Strategy (Anon 2000) both require the preservation of representative examples of the pre-
human ecosystems of New Zealand. Mitchell & Craig (2000) and Norton & Miller 
(2000) have challenged this as a general conservation goal because of a) its basis on the 
concept of static ecosystems, b) the reality that the majority of indigenous ecosystems 
have been modified, and c) the fact that c.70% of New Zealand is not managed for 
conservation purposes. This current study, and other such as Bums et al. (2000), 
epitomise the need to develop new, pragmatic but visionary, conservation goals for 
agricultural New Zealand (Norton & Miller 2000). This is because such forest stands 
reflect a legacy of past land clearance, rather than representing the original ecosystems. 
5.6 CONCLUSION 
While there are a small number of remnants of podocarp forest that pre-date 
European settlement, the majority of patches in this study appear to have regenerated 
following forest clearance for agriculture. Nevertheless, these patches are representative 
of the forest types that previously occurred on the floodplains. As such, they have a role 
in maintaining indigenous biodiversity in an otherwise exotic landscape (Shafer 1995; 
Bums et al. 2000) despite lacldng the full complement of species found in intact forest. 
Maintaining the stand structural dominant species within these patches is unlikely to be a 
5-25 
significant issue for the next few hundred years due to the long life span of the 
podocarps. However it may be desirable to plan for stand initiation through natural 
succession (e.g. Chapter 7) to ensure that these podocarp forest patches are not lost from 
the landscape in the long term. Alternatively, new stands could be planted and then 
allowed to develop by natural colonisation processes. 
The planning process for maintaining podocarp forest patches in the landscape 
might benefit from applying the analogy of intact floodplain forests. These forests are 
characterised by a shifting mosaic of different successional stages, and with different 
species compositions depending on the disturbance regime and local site conditions 
(Duncan 1993; Decamps 1996; Chapter 3; Chapter 4). The difference is that the different 
successional stages would occur within a matrix of pasture. Experimental management of 
some forest patches should be explored. For example, it may be possible or desirable to 
enhance the persistence of some forest patches by assisting the recruitment of younger 
podocarps into the canopy. This could be achieved by taking out trees, essentially 
creating a controlled-catstrophic disturbance regime (e.g. as recommended by Yates et al. 
2000 for degraded Eucalyptus salmonophloia woodlands). If successful this would result 
in mixed-age stands rather than the even-aged stands that exist today, and may provide 
opportunities for an economic return for landowners. Such an approach would 
acknowledge that the maintenance of these stands as 'natural' communities is impossible, 
and that innovative approaches are required within a socio-economic framework to 
maintain indigenous biodiversity in agricultural landscapes. 
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6 GRAZING IN RIPARIAN FOREST PATCHES: EFFECT ON 
SPECIES COMPOSITION AND ABUNDANCE 
6.1 INTRODUCTION 
Patches of native forest in agricultural landscapes have an important role to 
play in the conservation of a region's biodiversity (Saunders et al. 1993; Shafer 1995; 
Bums et al. 2000; Norton & Miller 2000). Management of these patches is required if 
their value to conservation is to be maintained, given the effect of the matrix on patch 
dynamics and the loss or modification of natural disturbance regimes (Main 1987; 
Hobbs 1987; Saunders et al. 1991; Saunders & Hobbs 1995; Chapter 5). Many forest 
patches in agricultural landscapes are subj ect to stock grazing as a general farm 
management practice, and fencing to exclude stock is often recommended as a 
conservation measure (e.g. Porteous 1993). 
Internationally there has been extensive research into the effects of stock 
grazing in forest remnants, woodlands and grasslands (e.g. Australia: Chesterfield & 
Parsons 1985; Hodgkinson & Harrington 1985; Gibson & Kirkpatrick 1989; Williams 
1990; Cheal 1993; Pettit et al. 1995; Yates et al. 2000). Grazing by domestic stock 
has the potential to change the structure and composition of patches of native forest 
through reducing the abundance of some, typically palatable species, which may 
provide non palatable species a competitive advantage. Grazing may also disrupt the 
resource regulatory processes that maintain natural species composition and dynamics 
(Pettit et al. 1995, Yates et al. 2000). It has been suggested that species can be 
viewed as increasers, decreasers, or neutral, depending on their response to grazing. 
However individual species may respond differently to grazing depending on the 
environmental context (Vesk & Westoby 2001). 
While there has been extensive research into the effect of herbivory by wild 
animals on conservation values in New Zealand, research into the effects of stock 
grazing is limited. Moore & Cranwell (1934) first suggested that feral cattle (Bos 
taurus) could destroy Beilschmiedia tawa - Weimannia racemosa forest by 
converting the ground tier to swards of the unpalatable grass Microlaena stipoides and 
inhibiting or removing regeneration of the canopy species. McKelvey (1963) 
observed that feral cattle depleted the lower storey of a west Taupo forest by eating 
and breaking vegetation, and Wardle (1984) considered that cattle, at the very least, 
affect forest structure by breaking branches and trampling undergrowth. More 
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recently, Burns et al. (2000) found that grazed forest patches in the Waikato had an 
open understorey and contained a higher number of weed species than ungrazed 
patches, and that the species richness of native beetles, gastropods, and plants was 
also lower in grazed patches. 
A long-term study initiated in 1989 to examine the effect of cattle on 
grassland-forest margins in south Westland has found that the vegetation response to 
the exclusion of grazing varies in terms of rapidity and direction, with community 
type (Wardle et al. 1994, Buxton et al. 2000). While this south Westland study is 
limited by its small sample size it has provided evidence that herbaceous and woody 
species within the browse tier will increase in abundance within the forest edge when 
grazing is removed, and that small native grassland herbs are suppressed by the rank 
growth of adventive herbs and grasses (Buxton et al. 2000). In an associated study, 
Timmins (unpublished data) found that some palatable plant species, such as 
Schejjlera digitata, only occurred at ungrazed sites, while unpalatable species such as 
Pseudowintera colorata appeared to be favoured by grazing. She also found that the 
effect of grazing varied with stocking rate. 
There could potentially be positive effects of cattle grazing, however. It has 
long been suggested that cattle browsing may actually facilitate the regeneration of 
light demanding podocarp species such as Dacrycarpus dacrydioides within forests 
by eliminating competing broadleaved shrubs and through exposure of the soil 
(Harrison-Smith 1944). Beveridge (1973) observed that the removal of broad leaved 
species and some ferns at forest edges bordering farmland assisted the establishment 
of podocarp seedlings. Whether these seedlings eventually recruit into the canopy will 
depend on a number of factors including whether the seedlings are subsequently 
grazed and whether there are adequate canopy gaps to recruit into (Duncan 1993; 
Ebbett & Ogden 1998). For example, McSweeny (1982) observed that Prumnopitys 
taxifolia and D. dacrydioides seedlings were browsed by cattle in forest patches in 
south Westland, with matai being heavily browsed. 
Conversely cattle grazing of alluvial grasslands and riparian margins appears 
to favour the establishment and recruitment of Podocarpus to tara var waihoensis and 
D. dacrydioides by reducing the rank growth of introduced grasses such as Holcus 
lanatus (Buxton et al. 2000; Chapter 7). 
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Plate 6.1: Cattle grazing adjacent to the unfenced Cook 4 forest patch. Cattle grazing in forest patches 
is a traditional farming practice in Westland. 
Grazing of forest remnants in Westland is an established stock management 
practice for many landowners (Plate 6.1), as it provides shelter for stock and 
protection of pasture in winter, and is believed to reduce the loading of gut parasites 
(McCaskill 1960, Rosoman 1990; B. Duckett pers. comm.). Because most of the 
forest in Westland is protected by the Government for conservation purposes (Chapter 
2), a conservative approach to protection on private land will probably be taken. 
While some forest patches will be fenced, it is likely that many will remain unfenced 
to meet the requirements of landowners. Local authorities are seeking to meet their 
obligations to protect significant indigenous vegetation (s. 6c, Resource Management 
Act 1991) in Westland, and require information of the effects of grazing on these 
forest patches. Given that grazing is likely to have an effect on the vegetation within 
forest patches I pose the following hypotheses: 
• That total vegetation abundance in the understorey (the browse tier) will be 
higher in ungrazed forest patches than in grazed forest patches. 
• That individual species identified as palatable will be less abundant in grazed 
forest patches than ungrazed forest patches; 
• That individual species identified as unpalatable will be more abundant in 
grazed forest patches than ungrazed forest patches; 
• That there will be a higher density of P. totara, P. taxi/olia, and D. 
dacrydioides seedlings and saplings in ungrazed forest patches. 
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6.2 STUDY AREA 
This study was undertaken in 16 of the 18 forest patches identified in Chapter 
5. The Duckett and Houston patches, both ungrazed, were excluded from this 
analysis Qecause they were different in terms of community composition from the 
other kahikatea dominant patches, and there were no grazed analogues (Chapter 5). 
The 16 forest patches had been selected to be representative of D. 
dacrydioides or P. taxi/olia-P. totara forest patches within the landscape. Nine of the 
patches were fenced and not grazed, three patches were fenced but occasionally 
grazed (O'Reilly, Walls, Northcroft), and six patches were not fenced and 
consequently were accessible for grazing by cattle. 
Table 6.1: Patch name, Ecological District, forest type and grazing regime of the 16 forest patches 
studied. 
Patch name Ecolo ical District Forest t e Grazed 
Cook 1 Hokitika D. dacrydioides N 
Cook 2 Hokitika D. dacrydioides Y 
Cook 3 Holdtilca D. dacrydioides Y 
Cook 4 Hokitilca D. dacrydioides Y 
CookS Holdtika D. dacrydioides Y 
Cook 6 Hokitika D. dacrydioides Y 
Walls Hokitika D. dacrydioides Y 
O'Reilly Hokitika D. dacrydioides Y 
Scenic Reserve Hokitika D. dacrydioides N 
Levett 1 Harihari P. taxifolia - P. tatara Y 
Levett 2 Harihari P. taxifalia - P. tatara N 
Dodunski 1 Harihari P. taxifalia - P. tatara N 
Dodunski 2 Harihari P. taxifalia - P. to tara N 
Dodunski 3 Harihari P. taxifalia - P. tatara N 
Northcroft Harihari P. taxifalia - P. tatara Y 
Nolan Harihari P. taxi alia - P. tatara N 
6.3 METHODS 
A transect was established through the centre of each of the 18 forest patches, 
following the longest axis of each patch (Fig. 6.1). 20 x 10m plots were located every 
20 metres along the transect, starting at the remnant edge, with the long axis of the 
plot perpendicular to transect. In each plot the cover abundance of all native woody 
species was estimated and ascribed to one of7 cover classes (1 = <1 %,2 = 1-5%, 3 = 
6-10%, 4 = 11-25 %, 5 = 26-50%, 6 = 51-75 %, 7 = 76-100%) in 5 height tiers (T 1 = 
emergent, >15m; T2= canopy, 10-15m; T3= sub-canopy, 8-10m; T4= shrub, 50cm-
4m; T5= ground, 0-50cm). The number of po do carp seedlings (15-135cm tall) and 
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saplings (>135 cm tall, <3 cm diameter at breast height (dbh)) in each plot were 
recorded. 
....-- 20m ..... 
10m 
Figure 6.1: Location and orientation of 20 x 10m plots within each forest patch. 
6.3.1 Data analysis 
Foliage cover abundance data were converted to a Condensed Cornell Format 
(CCF) file by the computer program PC-Recce (Hall 1992). Detrended 
correspondence analysis (DCA) and detrended canonical correspondence analysis 
(DCCA), as implemented in CANOCO (ter Braak & Smilauer 1998), were then used 
to extract the dominant floristic compositional gradients and determine the 
relationships with grazing regime (grazed, ungrazed), forest type (D. dacrydiaides or 
P. taxifalia - P. tatara), mean patch basal area of podocarps, angiosperms, and 
combined podocarp-angiosperm basal area, and mean canopy + emergent cover. 
Detrended correspondence analysis (DCA) and detrended canonical 
correspondence analysis (DCCA) (Hill & Gauch 1980) of species cover abundance 
was then used to identify the dominant floristic compositional gradients and to 
determine the relationship of these gradients with the environmental variables. The 
program CANOCO (ter Braak & Smilauer 1998), with default options selected, was 
used to conduct the DCA and DCCA analyses. DCA provides an indirect ordination 
of the species by plot data matrix, identifying the dominant floristic compositional 
gradients independent of other factors. Conversely, DCCA is a form of direct 
gradient analysis that extracts the dominant floristic gradients with the constraint that 
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they must be orthogonal linear combinations of the independent environmental 
variables. 
The eigenvalues in DCA and DCCA indicate the amount of variation 
accounted for by each gradient, while the gradient lengths indicate the amount of 
species turnover occurring along a gradient. For example, a gradient length of 4 is 
equivalent to 4 standard deviations (SD), meaning that species located at either end of 
this gradient do not co-occur in the same plots, and that there are no species in 
common between plots located at either end of the gradient (Hill & Gauch 1980; 
Jongman et at. 1995). Comparison of DCA and DCCA ordination scores assists 
interpretation of the relative importance of the environmental variables in explaining 
the underlying floristic gradients. 
The data were subsequently separated into the two forest types and reanalysed 
by DCA and DCCA, because exploratory analysis indicated a strong forest type effect 
on floristic variation. Separation and reanalysis was intended to make the patterns 
easier to interpret. 
Rosoman (1990) ranked forest species in terms of their palatability to cattle, in 
his review of cattle grazing in south Westland. Using this framework, the cover 
abundance of fifteen species for which adequate data (Table 6.2) were available was 
contrasted between grazed and ungrazed forest patches, and between different forest 
types. The abundance of each species was contrasted separately in the ground, shrub, 
sub canopy, and canopy tiers. The densities of D. dacrydiaides, P. taxifalia, and P. 
tatara seedlings and saplings in grazed and ungrazed forest patches were also 
contrasted. 
The cover data were arcsine-square root transformed and a two way ANOV A 
used to determine whether there was an interaction between forest type and grazing 
for the 16 species. Because there was no interaction a univariate ANOVA was used 
to test whether grazing or forest type influenced the total or individual species' cover 
abundance. The mean number of D. dacrydiaides, P. taxifalia, and P. tatara 
seedlings and saplings per forest patch, log transformed where necessary to normalise 
the distribution of errors and achieve homogeneity of variance, were tested by 
ANOV A to see whether grazing or forest type had an influence on their density. A 
two way ANOV A was used first to determine whether there was an interaction 
between forest type and grazing. Because there was no interaction a univariate 
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ANOV A was then used to test whether grazing or forest type affected seedling or 
sapling density. 
Table 6.2: Plant species, and their palatability to cattle (adapted from Rosoman 1990) examined in this 
study. Species annotated 1 were not listed by Rosoman, however McSweeney (1982) considered that 























6.4.1 Ordination of cover abundance data 
Ordination of the browse tier cover abundance data by DCA does not clearly 
group plots on the basis of grazing regime (Fig. 6.2a, b). Rather, plots appear to be 
grouped by forest patch (site) along a gradient between axis 1 and 2 for both forest 
types. The eigenvalues for axis 1 and 2 of the D. dacrydioides forest patches (0.623, 
0.370 respectively) and axis 1 and 2 of the P. taxi/olia - P. totara forest patches 
(0.606, 0.260 respectively) indicate that most of the floristic variation in the datasets 
is accounted for by axis 1. 
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Figure 6.2a: Axes 1 and 2 of the DCA plot ordination, with forest type and grazing regime 
highlighted. The direction of maximum correlation with forest type and grazing are shown (length of 
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Figure 6.2b: Axes 1 and 2 of the DCA species ordination. The positions of the species examined in 
this study are highlighted. Full species names are given in Table 6.1. The direction and scale of the 
correlation are as in Fig 6.2a. 
The floristic gradient for the D. dacrydiaides forest patches is most strongly 
correlated with podocarp and total basal area on axis 1, with a moderate correlation 
with grazing regime, site and angiosperm basal area (Table 6.3). Conversely the 
floristic gradient along axis 2 is most strongly correlated with angiosperm basal area, 
grazing regime, and site, and moderately correlated with canopy cover and total basal 
area. The floristic gradient for the P. taxifalia - P. tatara forest patches along axis 1 
is most strongly correlated with angiosperm basal area, and moderately correlated 
with total basal area, canopy cover, and podocarp basal area (Table 6.3). Along axis 2 
the floristic gradient is most strongly correlated with site, and moderately correlated 
with grazing regime, total basal area, podocarp basal area, and angiosperm basal area. 
The floristic gradient was strongly correlated with axis 1 of the D. 
dacrydiaides forest patches when ordinated by DCCA. However podocarp basal area, 
angiosperm basal area, and total basal area were more strongly correlated, than 
grazing, with the floristic gradient on axis 1 or 2 (Table 6.3). Canopy cover and site 
were moderately correlated with the floristic gradient. Grazing was moderately 
correlated with the floristic gradient on axis 2 of the P. taxifalia - P. tatara forest 
patches, although podocarp basal area, angiosperm basal area, total basal area, and 
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site had stronger correlations. Canopy cover was only moderately correlated with the 
floristic gradient on axis 1. 
These results indicate that, while grazing may have an effect on the floristic 
variability within these forest patches, patch characteristics such as successional stage 
and other site-specific environmental factors may influence the composition and 
abundance of species within the browse tier. It is interesting to note that the gradient 
lengths of the DCCA for both forest types are between one third and half as long as 
the gradient lengths ofthe DCA (Table 6.4). This suggests that, when the floristic 
gradient is constrained by the environmental variables, the plots are not separating out 
as clearly in tenns of floristic dissimilarity as was the case with the DCA. 
6.4.2 Effects of forest type and grazing regime on cover abundance 
The D. dacrydioides and P. taxifolia - P. totara forest patches had 44 species 
in common, but differed in 29 species. For example, P. acutifolius and Coprosma 
areolata were found only in D .. dacrydioides forest patches, while Ascarina lucida 
and P. ferruginea were found only in the P. taxifolia - P. totara forest patches. 
A significant grazing effect was observed in the shrub tier (F(2,14) = 11.72, P 
<0.01), with greater cover abundance in the ungrazed vs. grazed forest patches, but 
not in the ground, sub canopy, or canopy tiers (Table 6.5). Four of the nine grazed 
patches had a total shrub cover of 20 - 40%, with total shrub cover in the remaining 
five < 20%. The shrub tier was completely absent in Cook 2. The shrub tier of Cook 
3 and 4, and Walls, were dominated towards the top of the tier by the unpalatable P. 
acutifolius, with an open shrub tier below this. Conversely one of the seven ungrazed 
patches had a total shrub cover> 60%, five had a total shrub cover of 40-60%, while 
one had an open shrub tier with < 40% cover abundance. 
A significant forest type effect was observed in the ground tier (F(2,14) = 6.91, 
P = 0.02), with greater cover abundance in the kahikatea vs. matai-totara forest 
patches, but not in any of the other tiers (Table 6.5). There appeared to be greater 
variability in the ground cover of the kahikatea forest patches than in the matai-totara 
patches (Table 6.5). Cook's 1,3 and 4, Walls, and Scenic Reserve had the highest 
total ground cover abundance of the 8 kahikatea forest patches. 
A univariate ANOV A was conducted to detennine whether grazing regime or 
forest type had an effect on the cover abundance of 15 key species in the ground and 
shrub tiers. A grazing effect was observed for M ramiflorus (F(1,14) = 10.57, P 
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<0.01), a highly palatable species, and H arborea (F(l,14) = 5.59, P = 0.03), a 
moderately palatable species, in the ground tier (Table 6.6). In the shrub tier a 
grazing effect was observed for S. digitata (F(l,14) = 4.90, P = 0.04), C. smithii (F(1,14) 
= 11.81, P <0.01) andH arborea (F(l,14) = 9.62, P <0.01) (Table 6.6). The mean 
cover abundance of these species was greater in the ungrazed vs. grazed forest 
patches. There were no significant differences in cover abundance between grazed 
and ungrazed forest patches for the other species in either tier. 
A forest type effect was observed for H arborea in the ground tier (F(1,14) = 
13.45, P <0.01) andP. corymbosa in ground (F(I,14) = 18.19, P <0.01) and shrub 
(F(1,14) = 13.51, P <0.01) tiers, with a greater mean cover abundance for both species 
in P. totara - P. taxifolia vs. D. dacrydioides forest patches (Table 6.6). No other 
forest type effects were observed. 
Figure 6.3 provides a site specific comparison between shrubs in the ground 
and shrub tier for the contiguous Northcroft and Nolan forest. The most obvious 
effect is observed for S. digitata. The cover abundance in the ground tier is similar at 
both sites, however, in the shrub tier S. digitata is 98% more abundant in the ungrazed 
Nolan block than in the grazed Northcroft block. C. smithii and H arborea exhibit a 
similar trend. Conversely C. serratus, C. rotundifolia, D. squarossa, and P. 
corymbosa are more abundant in the shrub tier of the Northcroft block. A. serrata, M 
ramiflorus, and P. colorata do not appear to be responding to the grazing regime. 
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Table 6.3: Spearman rank correlation coefficients (rs) calculated between the environmental variables and the fIrst two DCA and DCCA ordination axes. 
Grazing regime 
Site 
Podocarp basal area 
Angiosperm basal area 
Total basal area 
Canopy cover 
D. dacrydioides 
DCA correlation DCCA correlation 
coefficient coefficient 
Axis 1 Axis 2 Axis 1 Axis 2 
-0.21 -0.49 -0.52 -0.06 
0.27 0.44 0.29 0.26 
0.52 -0.10 0.52 0.58 
-0.15 -0.55 -0.58 0.21 
0.49 -0.17 0.44 0.59 
-0.07 0.23 0.45 -0.36 
P. taxifolia - P. totara 
DCA correlation DCCA correlation 
coefficient coefficient 
Axis 1 Axis 2 Axis I Axis 2 
-0.10 0.39 -0.11 0.36 
0.10 0.65 0.08 0.79 
-0.31 -0.27 -0.30 -0.56 
-0.90 -0.20 -0.91 -0.52 
-0.34 -0.28 -0.33 -0.58 
0.23 -0.04 0.26 0.00 
Table 6.4: Eigenvalues and gradient lengths (SD) for the fIrst two axes of the DCA and DCCA ordinations. Spearmans rank correlation coefficients (rs) of the DCA plot 
scores with the DCCA plot scores are also given. The correlations are significant at the 0.01 level (2 tailed). 
Axis 1 
Axis 2 
D. dacrydioides P. taxifolia - P. totara 
Eigenvalues Qradient lengths rs Eigenvalues Gradient lengths 
DCA DCCA DCA DCCA DCA DCCA DCA DCCA 
0.62 0.37 3.59 2.12 0.68 0.61 0.55 3.04 2.37 





Table 6.5: Mean % total species cover abundance (± one standard error (s.e.)) in the ground, shrub, sub canopy, 
and cano tiers and results of the univariate ANaVA testin for razin re ime and forest type effects. 
Mean cover % ± s.e. df F P 
Ground cover 
Grazed 14.5 ± 3.2 1 0.18 0.68 
Ungrazed 12.1 ± 3.0 1 
Matai-totara 6.1 ± 0.8 1 6.91 0.02 
Kahikatea 19.2 ± 3.4 1 
Shrub cover 
Grazed 20.5 ± 3.3 1 11.72 <0.01 
Ungrazed 46.9 ± 3.8 1 
Matai-totara 38.0 ± 5.6 1 1.25 0.28 
Kahikatea 27.5 ± 4.1 1 
Sub canopy cover 
Grazed 13.1 ± 1.7 1 0.24 0.63 
Ungrazed 14.8 ± 1.8 1 
Matai-totara 14.1 ± 1.7 1 0.03 0.87 
Kahikatea 13.7 ± 1.8 1 
Canopy cover 
Grazed 52.5 ± 6.3 1 1.29 0.27 
Ungrazed 38.2 ± 5.6 1 
Matai-totara 43.3 ± 6.9 1 0.27 0.61 
Kahikatea 48.6 ± 5.7 1 
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Table 6.6: Mean cover (± one standard error (s.e.)) of species in the ground and shrub tiers and the results of univariate ANOVA testing for differences between the mean 
cover bv grazing regime (grazed, ungrazed) and forest type (matai-totara, kahikatea). 
Ground cover Shrub cover 
Species Mean cover (%) ± s.e. df F P Mean cover (%) ± s.e. df F P 
Palatable A. serrata 
Grazed 0.24 ± 0.12 1 2.32 0.15 0.15 ± 0.12 1 3.050 0.10 
Ungrazed 0.10 ± 0.04 1 OA7±0.25 1 
Matai-totara 0.16 ± 0.06 1 0.05 0.82 0.37 ± 0.21 1 2.26 0.16 
Kahikatea 0.15 ± 0.13 1 0.22 ± 0.17 1 
A. bulbiferum 
Grazed 0.58 ± 0.24 1 0.01 0.94 
Ungrazed 0.92 ± 0.73 1 
Matai-totara 0.20 ± 0.16 1 1.91 0.19 
Kahikatea 1.37 ± 0.72 1 
B. novaeseelandiae 
Grazed 0.59 ± 0.66 1 0.10 0.76 
Ungrazed 0.29 ± 0.20 1 
Matai-totara 0.22 ± 0.16 1 0.01 0.93 
Kahikatea 0.73 ± 0.72 1 
C. smithii 
Grazed 0.65 ± 0.33 1 1.64 0.22 1.22 ± 0.97 1 11.81 <0.01 
Ungrazed 2.21 ± 1.64 1 4.58 ± 1.88 1 
Matai-totara 0.50 ± 0.20 1 0.05 0.83 2.29 ± lA4 1 0.262 0.62 
Kahikatea 2.38 ± 1.65 1 3.38 ± 1.59 1 
C. serratus 
Grazed 0.11 ± 0.05 1 0.75 OAO 0.62 ± 0.36 1 0.02 0.89 
Ungrazed 0.08 ± 0.05 1 0.27 ± 0.17 1 
Matai-totara 0.10 ± 0.05 1 0.01 0.93 0.38 ± 0.21 1 0.03 0.87 
Kahikatea 0.09 ± 0.05 1 0.55 ± 0.37 1 
D. squarossa 
Grazed 0.12 ± 0.05 1 0.82 0.38 1.95 ± 0.82 1 0.12 0.73 
Ungrazed 0.37 ± 0.32 1 1.19±OA3 1 
1 0.04 0.84 1 0.57 OA7 
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Ground cover Shrub cover 
Species Mean cover (%) ± s.e. df F P Mean cover (%) + s.e. df F P 
Matai-totara 0.10 ± 0.05 1 1.85 ± 0.79 1 
Kahikatea 0.40 ± 0.32 1.31 ± 0.05 
F. excortica 
Grazed 0.24 ± 0.16 1 0.85 0.37 0.36 ± 0.21 1 0.08 0.78 
Ungrazed 0.04 ± 0.03 1 0.40 ± 0.34 1 
Matai-totara 0.09 ± 0.05 1 0.06 0.81 0.62 ± 0.36 1 1.98 0.18 
Kahikatea 0.22 ± 0.17 1 0.09 ± 0.05 1 
H arborea 
Grazed 0.19 ± 0.06 1 5.59 0.03 0.02 ± 0.03 1 9.62 <0.01 
Ungrazed 0.56 ± 0.22 1 0.71 ± 0.28 1 
Matai-totara 0.60 ± 0.19 1 13.45 <0.01 0.53 ± 0.25 1 0.83 0.38 
Kahikatea 0.08 ± 0.05 1 0.10 ± 0.12 1 
M avenacea 
Grazed 5.90 ± 4.97 1 0.04 0.85 
Ungrazed 0.86 ± 0.73 1 
Matai-totara 0.28 ± 0.21 1 2.96 0.11 
Kahikatea 7.49 ± 5.37 1 
M ramiflorus 
Grazed 0.05 ± 0.03 1 10.57 <0.01 0.67 ± 0.67 1 2.36 0.15 
Ungrazed 0.58 ± 0.35 1 1.09 ± 0.31 1 
Matai-totara 0.27 ± 0.16 1 2.04 0.18 0.78 ± 0.28 1 1.19 0.30 
Kahikatea 0.32 ± 0.32 1 0.96 ± 0.73 1 
P. corymbosa 
Grazed 0.33 ± 0.19 1 0.15 0.71 0.48 ± 0.32 1 0.46 0.51 
Ungrazed 0.23 ± 0.13 1 0.55 ± 0.35 1 
Matai-totara 0.48 ± 0.21 1 18.19 <0.01 0.87 ± 0.43 1 13.51 <0.01 
Kahikatea 0.05 ± 0.04 1 0.09 ± 0.05 1 
P. vestitum 
Grazed 1.10 ± 0.32 1 0.69 0.42 
Ungrazed 1.09 ± 0.38 1 
6-15 
Ground cover Shrub cover 
Species Mean cover (%) + s.e. df F P Mean cover (%) ± s.e. df F P 
Matai-totara 1.46 ± 0.38 1 0.24 0.63 
Kahikatea 0.67 ± 0.28 1 
S. digitata 
Grazed 2.09 ± 0.77 1 0.61 0.45 0.72 ± 0.35 1 4.902 0.04 
Ungrazed 1.98 ± 0.99 1 11.28 ± 5.46 1 
Matai-totara 1.52 ± 0.72 1 1.13 0.31 8.76 ± 5.18 1 1.16 0.30 
Kahikatea 2.65 ± 1.02 1 1.79 ± 0.63 1 
Unpalatable B. fluviatile 
Grazed 2.0 ± 0.71 1 1.64 0.22 
Ungrazed 1.24 ± 0.72 1 
Matai-totara 0.93 ± 0.28 1 0.84 0.38 
Kahikatea 2.500.98 1 
C. rotundifolia 
Grazed 1.25 ± 0.45 1 0.90 0.36 7.56 ± 2.44 1 2.41 0.14 
Ungrazed 1.33 ± 0.77 1 26.10±6.31 1 
Matai-totara 0.96 ± 0.37 1 0.38 0.55 19.68 ± 5.93 1 2.17 0.16 
Kahikatea 1.68 ± 0.80 1 11.09 ± 3.64 1 
P. colorata 
Grazed 0.10 ± 0.05 1 1.20 0.29 0.40 ± 0.23 1 1.23 0.29 
Ungrazed 0.36 ± 0.20 1 0.45 ± 0.23 1 
Matai-totara 0.25 ± 0.16 1 0.38 0.55 0.38 ± 0.21 1 0.06 0.80 
Kahikatea 0.18 ± 0.13 1 0.47 ± 0.25 1 
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Figure 6.3: A comparison of the cover abundance of shrubs in the ground and shrub tiers of the 
contiguous Nolan and Northcroft forest. 








D. dacrydioides seedlings and saplings were more abundant than those of P. 
taxi/olia and P. totara (Table 6.7). While the mean density of D. dacrydioides 
seedlings and saplings were higher in both the ungrazed and the matai-totara forest 
patches, the differences were not significant. A grazing effect was observed for P. 
taxi/olia seedlings (F{l,14) = 4.04, P = 0.05), with higher numbers in the ungrazed 
forest patches, however the small numbers of seedlings in either group make this 
result potentially spurious. The low numbers of saplings in the ungrazed forest 
patches suggest that these seedlings are largely ephemeral. A forest type effect was 
observed for P. totara seedlings (F(1,14) = 5.35, P = 0.02), with higher numbers in 









df F P 
y 
D. dacrydioides 
Grazed 14.5 ± 6.2 1 1.88 0.17 3.5 ± 0.9 1 1.69 0.20 
Ungrazed 27.1 ± 6.8 1 1.8 ± 1.0 1 
Matai-totara 24.2 ± 6.3 1 0.91 0.34 3.4 ± 0.9 1 0.91 0.34 
Kahikatea 15.4 ± 6.7 1 2.1 ± 0.2 1 
P. taxifolia 
Grazed 0.6 ± 0.7 1 4.04 0.05 0.1 ± 0.1 1 0.04 0.85 
Ungrazed 2.6 ±0.8 1 0.1 ± 0.1 1 
Matai-totara 2.4 ± 0.7 1 3.75 0.06 0.1 ± 0.1 1 0.l3 0.72 
Kahikatea 0.4 ± 0.7 1 0.1 ± 0.1 1 
P. to tara 
Grazed 0.6 ± 0.2 1 1.07 0.31 0.2 ± 0.1 1 0.08 0.78 
Ungrazed 0.3 ± 0.2 1 0.3 ± 0.1 1 
Matai-totara 0.2 ±0.2 1 5.35 0.02 0.3 ± 0.1 1 1.22 0.27 
Kahikatea 0.7 ± 0.2 1 0.2 ± 0.1 1 
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6.S DISCUSSION 
This study sought to test the following four hypotheses 
• That total vegetation abundance in the understorey (the browse tier) will be 
higher in ungrazed forest patches than in grazed forest patches. 
• That individual species identified as palatable will be less abundant in grazed 
forest patches than ungrazed forest patches; 
• That individual species identified as unpalatable will be more abundant in 
grazed forest patches than ungrazed forest patches; 
• That there will be a higher density of P. tatara, P. taxifalia, and D. 
dacrydiaides seedlings and saplings in ungrazed forest patches. 
The first hypothesis was not falsified by this study, the second hypothesis was 
falsified for some but not all of the palatable species, and the third and fourth 
hypotheses were falsified. The results suggest that the relationship between grazing, 
or the absence of grazing, and the abundance of species in these forest patches is not 
necessarily straightforward. Certainly a large amount of the floristic variability was 
related to grazing, however forest type and the successional stage of the stand also 
affected species composition and abundance or density. 
6.5.1 Grazing regime and effect on the browse tier 
It is important to note that all of the forest patches in this study have been 
grazed at some point in the past, with the ungrazed patches having been retired from 
grazing for 10 - 20 years. Therefore the floristic patterns observed may not 
necessarily reflect what might have been in these forest patches had they not been 
grazed at all following initial forest clearance or stand regeneration, and may not 
necessarily represent the condition of the understorey as stand development continues 
into the future. 
That being said, the most obvious effect of grazing was on the cover 
abundance of the shrub tier, which was significantly lower in the grazed forest patches 
than in the ungrazed forest patches. It appears that this is the tier most susceptible to 
browsing by cattle. However, the cover values of only 3 of the 15 species examined, 
S. digitata, C. smithii, and H arbarea, exhibited a statistically significant response to 
grazing. The cover abundance of these three species in the shrub tier was significantly 
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lower in the grazed forest patches than in ungrazed patches. Burns et al. (2000) found 
that the density of the understorey in D. dacrydioides forest patches in the Waikato 
was higher in fenced patches than unfenced patches, particularly around the edge. 
Plate 6.2 clearly shows the dense edge around the ungrazed Cook 1 forest patch. 
Scougall et al. (1993) and Brornham et al. (1999) also found that the cover of the 
shrub tier was lowest in the grazed forest patches of Western Australia and northern 
Victoria, respectively, when compared to fenced patches. 
Plate 6.2: A dense edge of palatable shrub species, e.g. A. serrata, in the Cook 1 forest patch. 
The ground tier cover abundance did not exhibit a statistically significant 
grazing effect, although ground cover tended to be higher in the grazed patches, 
which may be an indirect response to grazing. That is, the removal of the shrub tier 
may allow more light to reach the ground encouraging growth or regeneration. This 
may be further enhanced when stock are present in the patch for only part of the year. 
For example there was prolific regeneration in the grazed Northcroft block, 
particularly of palatable species such as S. digitata. Conversely there was very little 
ground cover in the grazed Walls patch or the ungrazed Dodunski 1 & 2 patches. The 
ground of these three patches was covered with dense D. dacrydioides or P. totara 
litter, which may affect the ability of seedlings to establish (Wardle 1991). The dense 
6-20 
canopy in these two patches may also affect growth in the ground tier (this is 
discussed further, below). 
Despite suggestions that grazing of palatable species can result in the 
expansion of unpalatable species (e.g. Moore & Cranwelll934; Augustine & 
McNaughton 1998) the three unpalatable species studied did not appear to respond 
positively to a reduction in the cover of palatable species. It would appear that the 
grazing effect on the plant community in these forest patches is less straightforward 
than was predicted based on relative palatability. 
Other studies in south Westland have also had results that appear to go against 
predictions. Timmins (unpublished data) found that shrubs such as S. digitata, H 
arborea, M ramiflorus, and the fernA. bulbiferum only occurred on sites without 
cattle, in South Westland forest margins. She also found that P. colorata and the 
prickly shield fern P. vestitum regenerated better under cattle browse than without. 
However she had conflicting results, where D. dacrydioides, D. squarrosa, and B. 
fluviatile were encouraged at one site but suppressed at another. Buxton et al. (2001) 
also found conflicting results in their study, and considered that at some sites it was 
too early to determine whether cattle grazing or natural forest processes were driving 
the observed vegetation change. 
Augustine and McNaughton (1998) stress that predicting the effects of 
ungulates in an ecosystem requires not only an understanding of which plant species 
are palatable, but also an understanding of how palatability is affected by the relative 
availability of alternative foods and the relative ability of preferred foods and non-
preferred foods to tolerate and recover from herbivory as well as compete with each 
other. Vesk & Westoby (2001) analysed data from 35 published Australian grazing 
studies and found that 41 % of the species predicted to respond by increasing or 
decreasing in abundance or density with grazing, responded inconsistently with these 
predictions. They concluded that species responses must be due to context rather than 
from particular species traits. 
6.5.2 The effect of forest type and stand successional stage on floristic patterns 
As noted, the presence or absence of grazing was not the only factor 
influencing the structure or composition of the browse tier. Some species were only 
found in one forest association, while there were differences in the understorey 
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communities of apparently similar forest associations l . For example, the five grazed 
D. dacrydioides patches (Cook 2-6), within several hundred metres of each other and 
subject to the same grazing pressure, had different understorey communities (Chapter 
5). There were also differences in the cover abundance of species common to both 
forest associations. For example, M ramiflorus and H arborea, two species rated by 
Rosoman (1990) as being palatable, had their highest cover abundance in matai-totara 
forest patches, irrespective of grazing. 
These differences could be due to differences in soil fertility or drainage 
between the two forest associations, as P. taxifolia - P. totara forests tend to occur on 
the more fertile, free draining soils. However, Pettit et at. (1995) observed that the 
relationship between grazing and floristic variability in woodlands of southwest 
Western Australia was greater than that of the edaphic characteristics that normally 
influence floristic patterns. This suggests that there may be another reason. 
It is most likely for the forest patches in this study that the successional stage 
of the forest, rather than edaphic features per se, has a significant effect on the 
floristics of the stand. It was noticeable that the younger more dense forest patches, 
with a closed canopy, had a lower abundance of species in the ground and shrub tier. 
Wardle (1979) notes that densely spacedD. dacrydioides forests tend to have little 
beneath them, while the shrub tier of forests may be suppressed when the canopy is 
continuous (Wardle 1991). However, open crowned forests have a more diverse 
shrub and ground tier (Wardle 1977). Wells (1998) also found a similar pattern in P. 
totara forest. 
6.5.3 Grazing and podocarp regeneration 
Grazing has been variously thought to enhance (Harrison-Smith 1944; 
Beveridge 1973) or hinder (McSweeney 1982) the regeneration of po do carp species 
in forests and forest patches. Indeed, Wardle (1989) hypothesised that light browsing 
pressure may allow D. dacrydioides to establish in canopy gaps due to the suppression 
of quick growing broadleaved species. Timmins (unpublished) suggested that the 
variability in D. dacrydioides seedling regeneration in her study was consistent with 
this hypothesis. 
iAn species recorded, irrespective of forest type, are found in the D. dacrydioides or D. dacrydioides-
D. cupressinum floodplain forests of south Westland (Chapter 3; Chapter 4). 
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There were significantly more P. taxifalia seedlings in ungrazed forest 
patches, which is consistent with the observations of McSweeney (1982). However 
this result must be interpreted with caution as the densities were so low in both 
situations that this may be a statistical rather than ecological effect. There were also 
significantly more P. taxifalia seedlings in matai-totara forest patches, but again this 
result must be interpreted with caution. This latter result is not unexpected because 
there is a greater seed source for P. taxifalia in the Harihari Ecological District (ED), 
than in the Hokitika ED where the D. dacrydiaides forest patches occurred 
(McSweeney 1982; Chapter 5). Conversely there were significantly more seedlings, 
assumed to be P. tatara, in the D. dacrydiaides forest patches. It is possible that P. 
acutifalius seedlings were misidentified and counted as P. tatara, as P. acutifalius 
shrubs are abundant in these patches. However, P. taxifalia and P. tatara seedlings 
appear to be ephemeral as, irrespective of grazing or forest type, few seedlings are 
recruiting into the sapling stage. 
D. dacrydiaides was the most prolific of the three podocarps, with a slightly 
higher density of seedlings in ungrazed forest patches, although this was not 
statistically significant. There was also a slightly higher mean density of D. 
dacrydiaides seedlings and saplings in matai-totara forest patches. Molloy et al. 
(1978) reported that the litter from adult D. dacrydiaides stands produces an 
allelopathic effect, suppressing their own seedlings. Wardle (1991) reports an 
unpublished study that suggests that P. tatara may also do the same. There is a 
possibility that as the older P. taxifalia -P. tatara forest patches begin to senesce and 
the canopy opens D. dacrydiaides may have a competitive advantage resulting in a 
compositional change over time (suggested in Chapter 5). 
There were, however, less D. dacrydiaides saplings than seedlings in all forest 
patches, although densities were still higher than for P. taxifalia and P. tatara. D. 
dacrydiaides, like P. tatara, requires high light levels, consistent with large-scale 
disturbance events if it is to successfully recruit into the canopy (Duncan 1993; Ebbett 
& Ogden 1998). Otherwise both seedlings and saplings are suppressed by the canopy 
and eventually become unthrifty or die (Smale 1984). Conversely P. taxifalia has a 
steady slow growth rate in most light environments (Ebbett & Ogden 1998). It is 
likely that the lack of canopy gaps in most small forest patches mean that Wardle's 
(1989) hypothesis may not be relevant in this situation. It may be applicable around 
the edges of forest patches, however, where the light availability is greater. 
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6.5.4 Conservation implications 
As Yates et al. (2000) observe, grazing is a composite disturbance that 
encompasses the effects of defoliation, trampling, defecation and urination. The 
current study did not examine the effects of grazing on components other than the 
vegetation, however it is useful to briefly look at these in the context of Westland. 
Congregation and trampling by stock compact the soil, which in tum impedes 
seedling establishment, root growth and infiltration by water (Scougall et al. 1993; 
Yates et al. 2000). There have been several studies on the effect of cattle trampling 
on soil properties in New Zealand pastures (e.g. Drewry & Paton 2000; Singleton et 
al. 2000). These studies have shown reduced hydraulic conductivity, air permeability, 
and macroporosity in the first 10 cm of soils under standard stocking rates, but also 
that these factors can be improved when stocking rates are reduced and restored when 
stock are completely removed. This leads to the possibility that soil conditions will 
be improved for seedling establishment if stock are removed, or have reduced access 
to forest patches. 
The presence or absence of the shrub tier can have effects on invertebrate 
species richness, density or abundance in forest patches. For example, Bums et al. 
(2000) found that there was a greater species richness of indigenous beetles and 
gastropods in fenced forest patches with a dense understorey than in grazed patches. 
Similarly Bromham et al. (1999) found that ungrazed woodland in northern Victoria 
had a more diverse ground invertebrate fauna than grazed patches and grassland, and 
that the least abundant orders of invertebrates occurred in higher numbers in these 
ungrazed patches. This issue has not been examined in Westland forest patches, and 
it would be useful to do so. 
While invertebrates are often perceived as the unrecognised components and 
drivers of forest communities, it is soil microbes and microbial activity that are even 
less well recognised yet potentially more important. Scougall et al. (1993) raised the 
issue of reduced microbial activity in compacted soils of arid regions, and this may 
also be an issue in compacted soils of wet environments such as Westland. More 
likely is the effect of the composition and biomass of the shrub tier, and concentrated 
nutrient inputs from stock defaecation and urination, on below ground microbial 
activity and ecosystem processes such as nutrient turnover. This issue is being 
addressed through research by Wardle et al. (e.g. Wardle et al. 2000) in relation to 
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herbivory by introduced species in New Zealand forests, but is also likely to be 
relevant to stock grazing in forest patches. 
Given that a key recommendation for the protection of forest patches is that 
they be fenced (e.g. Porteous 1993; Burns et al. 2000) it is important to ask whether 
the understorey communities will recover to a condition near their natural state 
following cessation of grazing. It may be that the effects of grazing have changed the 
environmental conditions so much that it is unlikely that certain species will 
reestablish. The availability of propagules, either in the soil or dispersed in, will also 
affect community composition. In grasslands Page and Beeton (2000) found that the 
removal of domestic stock alone was not sufficient to result in a rapid recovery of 
grass populations in an Australian grassland. Buxton et al. (2000) also found that 
grasslands tended to become dominated by rank growth of one or two exotic species 
following the cessation of grazing, and that this hindered the "recovery" of indigenous 
herbaceous species and recruitment of woody species. Chapter 7 discusses the role of 
grazing in facilitating the establishment of P. totara on grassed riparian margins in 
South Westland. 
The situation may be different in forest patches however. In this current study 
the "ungrazed" patches have in fact been grazed at some time in the past, although the 
majority now have a dense and largely diverse shrub tier. Buxton et al. (2000) found 
that, within forest edges, the cessation of grazing resulted in the re-establishment of 
woody species (c.f. the grasslands). In an Australian situation Pettit & Froend (2001) 
observed that species richness returned to near ungrazed levels in Eucalyptus 
marginata woodland within 6 years of cessation of grazing, however it appeared to 
take longer for the cover to re-establish. 
6.6 CONCLUSION 
This study found that grazing did affect the structure and composition of D. 
dacrydioides and P. totara - P. taxi/olia forest patches, particularly through reduction 
of species cover abundance in the shrub tier. There was a significant effect of grazing 
on the palatable S. digitata, C. smithii, and H arborea in the shrub tier, and on M 
ramiflorus and H arborea in the ground tier. However, forest type also strongly 
influenced the floristic composition. 
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The hypotheses that grazing would increase or decrease the density of D. 
dacrydiaides, P. taxifalia, and P. tatara seedlings and saplings were not supported by 
the data, although the paucity of data for P. taxifalia and P. tatara suggests that this 
could be examined further. However, sapling numbers were low irrespective of 
grazing, and it is likely that the extent of canopy cover has a greater influence than 
grazmgper se. 
While we can demonstrate that the removal of grazing will benefit the 
biodiversity within forest patches and across the landscape, it will be the economic 
and environmental goals of the landowners that will determine whether forest patches 
are protected from grazing. Certainly the costs of fencing and the loss of grazing or 
stock shelter opportunities need to be factored in. At the end of the day some 
landowners will choose to fence all of their forest patches, while others will want to 
maintain the option of grazing some or all forest patches. By taking a landscape 
perspective it must be possible to accommodate all ofthese options, accepting that in 
time more patches will be protected. 
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7 CATTLE GRAZING AND THE REGENERATION OF TOTARA 
(POD 0 CARPUS TOTARA VAR WAIHOENSIS) ON SOUTH 
WESTLAND RIVER TERRACES1• 
7.1 INTRODUCTION 
The forests of New Zealand's floodplains were extensively cleared for agriculture 
following European settlement and are now under-represented both in extent and within 
nature reserves (Park 1983; MfE 1997). This poses a challenge for the maintenance of 
indigenous biodiversity within these agricultura11andscapes (Miller 2000; Norton & 
Miller 2000). Indeed New Zealand's biodiversity strategy requires that scarce and 
fragmented habitats (such as floodplain forests) are increased in area (Anon, 2000). This 
may be achieved through active revegetation (e.g. Hobbs 1995; Saunders & Hobbs 1995) 
or natural succession (e.g. Wilson 1994; Burns et al. 2000). 
Podocarpus totara-Prumnopitys taxifolia (totara-matai) forest associations are 
particularly under-represented on the floodplains of the Westland district, South Island. 
Because of this many of the remaining forest patches fit the criteria for designation as 
significant indigenous vegetation, in terms of the Resource Management Act 1991 and 
are a priority for protection and enhancement where possible (McSweeney 1982; 
Awimbo et al. 1996; Miller 2002). Because these patches occur on prime farmland, a 
limited resource in Westland, it is unlikely that landowners will look favourably upon 
extending existing patches through active revegetation. 
The traditional succession from floodplain or river valley terraces to podocarp 
dominated forest in south Westland is described by Wardle (1974, 1980), and the role of 
disturbance events in structuring these forests is described in Duncan (1993), Ebbett 
(1998), Wells (1998) and Wells et al. (1998). Briefly, P. to tara andP. taxifolia tend to 
establish following large scale disturbance, typically after flooding or earthquakes, or by 
the colonisation of river terraces or abandoned channels (Beveridge 1973; Ebbett 1998; 
Wells et al. 1998). The opportunity for successful establishment of P. totara, a light 
demanding species, is restricted to a relatively small period after a disturbance event, 
with regeneration ceasing once the canopy closes over (Ebbett & Ogden, 1998; Ebbett 
1 A version of this chapter is currently in press in the New Zealand Journal of Ecology, authored by Miller 
& Wells. 
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1998). Ebbett (1998) found that the regeneration phase for totara lasts 50-200 years, with 
matai entering c.50 years after the initial forest establishment. A dense canopy then forms 
120-200 years after stand initiation (Ebbett 1998; Wells 1998). 
The trajectory of natural succession is largely determined by differential species 
availability, site availability, and differential species performance (Pickett et al. 1987). 
Since European settlement traditional successional pathways to forest have been affected 
by the loss of seed sources and some seed dispersers, changed environmental conditions 
(e.g. hydrology), pasture maintenance, grazing, and the presence of introduced woody 
species such as Ulex europaeus (gorse) and tall grass species such as Holcus lanatus 
(Yorkshire fog). Grazing is known to affect succession in native plant communities, 
typically by reducing the abundance of palatable species and often increasing the 
abundance of non-palatable species (but see Augustine & McNaughton 1998; Chapter 6). 
Conversely, while some early successional woody species, such as Kunzea ericoides 
(kanuka) or P. totara, can establish in bare ground or short statured pasture (Wardle 
1974; Beveridge 1977; Allen et al., 1992; Wilson 1994) most are less able to establish in 
retired pasture, or grassland dominated by tall introduced grass species such as Dactylis 
glomerata L. (cocksfoot) and Holcus lanatus (Yorkshire fog) (Esler 1967; Allen et al. 
1992; Wilson 1994). 
Rank growth of introduced grasses inhibits the establishment and growth of 
woody seedlings by reducing the availability of establishment sites, with a dense shallow 
fibrous root system (Grime 1979), reducing light intensity at ground level, and physically 
smothering woody seedlings (Rogers 1996; Widyatmoko & Norton 1997). A number of 
species, including Phormium tenax (flax) and U europaeus, have been demonstrated to 
act as nurse crops, providing sites for the establishment of native woody seedlings in 
retired grasslands (Healy 1961; Lee et al. 1986; Wilson 1994; Reay & Norton 1999). 
Williams and Karl (1996,2002) found that birds, such as silvereyes (Zosterops lateralis), 
are capable of dispersing totara seed, and are responsible for seed dispersal in gorse 
scrub. Eventually the P. tenax or U europaeus is overtopped and succeeded by the 
native species (Wilson 1994; Reay & Norton 1999). 
The maintenance of pasture on sites and soils favoured by P. totara and P. 
taxifolia in south Westland has reduced the opportunities for the re-establishment of this 
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forest type to recently abandoned river terraces that are usually owned by the 
Government and leased for cattle grazing. These areas have typically been viewed as 
having low conservation value because of weed infestation, agricultural land use, and 
lateral river movement. McSweeney (1982) suggested that grazing was inhibiting the 
recruitment and regeneration of P. tatara, P. taxifalia, and Dacrycarpus dacrydiaides 
(kahikatea) seedlings in forest patches in south Westland and, therefore, that the 
exclusion of stock from forest patches and sites such as young river terraces was the only 
way to ensure the survival oftotara-matai forests. Conversely, Buxton et ai. (2000) have 
suggested that recruitment of P. tatara var waihaensis on grassed floodplains in south 
Westland may be facilitated by cattle grazing. 
If an appropriate management regime is to be established to facilitate the 
regeneration of P. tatara-P. taxifalia forest it is necessary to determine whether grazing 
has a positive or negative effect on the recruitment and regeneration of these species, and 
whether gorse facilitates regeneration. The lack of P. taxifalia at any growth stage at the 
study sites meant that this study only focused on P. tatara var waihaensis. The specific 
objectives ofthis study are to: 
• Determine whether grazing is having a positive or negative effect on the recruitment 
and regeneration of P. tatara var waihaensis; 
• Determine whether the number of seedlings, saplings and trees is related to U 
eurapaeus cover. 
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7.2 STUDY AREA 
This study was conducted at two sites adj acent to the lower Whataroa River (43' 
16"S, 170' 2S"E) (Plate 7.1), and one site adjacent to the Waiho River (42' 22"S, 170' 
08"E), south Westland, New Zealand (Figure 7.1). Only two sites could be found that had 
not been grazed for> two years. Cattle are currently grazed at a moderate stocking 
density at one of the Whataroa sites, and were excluded from the other site by a fence 
approximately five years ago. This latter site was never heavily stocked (R. Pamment, 
pers. comm.). The Waiho site has not been grazed for approximately two years, but was 
grazed at a moderate stocking density prior to this (R. Burnett, pers. comm.). 
The lower Whataroa River lies in the Harihari Ecological District (ED), and the 
Waiho River lies in the Waiho ED (McEwen 1987). Prevailing westerly winds and close 
proximity to the coast result in a wet equable climate. Mean annual precipitation at the 
nearest climate stations, lower Whataroa and Whataroa 2, is 3711 mm and 4490 mm 
respectively, with little seasonal variation (Tomlinson & Sansom 1994); the rainfall in the 
adjacent southern Alps can be >6400 mm (Hesse1l1982). 
The Whataroa River sites consist of three terraces, with the first terrace still 
subject to flooding. The part of the riverbed that forms the first terrace was abandoned 
by the river approximately 30 years ago (R. Pamment, pers. comm. 2000). The gley 
recent soils of the Whataroa floodplain are derived from schist alluvium and consist of a 
fine sandy loam adjacent to the river banks through to fine sand across the floodplain. 
The Waiho site consists of part of the Waiho riverbed which has been protected by a 
stopbank since the 1970s (M. Reedy, pers. comm. 2000). There are a number of raised 
surfaces at the Waiho site created by old logs that were rafted and deposited by the river 
prior to establishment of the stopbank. The recent soils of the Waiho floodplain are 
derived from greywacke, schist and granite and also consist of sandy and silt loams 
(DSIR 1968), however most of the Waiho site consists of large cobbles with a thin layer 
of silt, and occasional deep patches of silt. 
P. totara - P. taxifolia forest originally dominated the free draining coarse soils of 
these floodplains, with D. dacrydioides dominating the wetter siltier soils (McSweeney 
1982). The floodplains are now largely in pasture with small P. totara or P. totara - P. 
taxifolia forest patches and individual trees scattered throughout. These trees, many of 
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which are within 500 m of the river terraces, should provide an ample seed source. The 
terraces adjacent to both rivers are covered by gorse with occasional emergent totara, 
over totara seedlings, saplings, and grass. Polystichum vestitum (prickly shield fern) and 
Coprosma propinqua are common at both sites, with Melicytus ramiflorus (mahoe) less 
common. Ground cover at the grazed site is a short turf of mixed pasture and adventive 
grass species, whereas the ungrazed sites are dominated by rank growth of adventive 
grass species such as H lanatus. 
Plate 7.1: P. totara saplings (dark green) over U europaeus scrub (yellow and brown) at the 
grazed Whataroa site. 
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Figure 7.1: Location ofthe study sites in South Westland. 
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7.3 METHODS 
At each site 7 variable length belt transects were established through the U. 
europaeus, perpendicular to the river, starting from randomly located points along the 
riverbed. Transects were restricted to a maximum length of300 m, or stopped when 
established fenced pasture was reached. The numbers of small P. to tara seedlings «15 
cm), tall P. totara seedlings (15 cm - 1.35 m), totara saplings (>1.35 m but <3 cm 
diameter at breast height (dbh)), and P. totara trees (;:::3 cm dbh), and the dbh of all trees, 
were recorded within 20 m sections, 5 m either side of a tape measure set along the 
transects. Seedlings, saplings and trees were found to be spatially clumped within sites 
and transects. U europaeus cover was estimated within each transect and ascribed to one 
of6 cover classes « 1 %, 1-5%,6-25%,26-50%,51-75%, 76-100%). The mid points of 
these cover classes, arcsine-square root transformed, were used for analysis. 
Because of the low sample size, and because the data could not be adequately 
transformed to meet the assumptions of parametric analysis, attributes from the three sites 
were compared using conservative Kruskal Wallis tests adjusted for tied ranks. Where 
significant differences were detected (P<0.05), post hoc Mann-Whitney Utests were 
conducted to determine differences between sites or terraces. Spearmans rank correlation 
(rs) was used to examine the relationship between gorse cover and the number of to tara 
stems. 
Tree cores were taken from eleven trees ranging in size from 9 - 26 cm dbh on 
terrace 2 and 3 of the grazed Whataroa site. Cores were air-dried, mounted and then 
sanded using successively finer grades of sandpaper until the growth rings were visible. 
Growth rings were counted under reflected light using a binocular microscope. Wells et 
al. (1998) calculated that 28 years should be added to the tree-ring age of to tara in 
Westland to account for the time taken to reach coring size, therefore this was done in 
this study for consistency. 
7-7 
7.4 RESULTS 
P. totara seedlings, saplings, and trees were present at both sites but, as suspected 
(el Ebbett 1998), no P. taxi/olia seedlings, saplings, or trees were found either within or 
adjacent to the transects. Significant site differences in the abundance of P. to tara were 
observed for all growth stages: small seedlings (X2 = 25.967, d.f. = 2, P<O.OOI); tall 
seedlings (X2 = 12.128, d.f. = 2, P=0.002); saplings (X2 = 7.651, d.f. = 2, P=0.03); and 
trees (X2 = 19.578, df= 2, P<O.OOI). 
There were significant differences in the number of small and tall seedlings at the 
grazed and ungrazed Whataroa sites (small seedlings: z = -3.881, P<O.OOI; tall seedlings: 
z = -2.300, P=O.02), with a higher density of both at the grazed site. Conversely there 
was no significant difference in the density of saplings (P=0.23) or trees (P=0.56) (Table 
7.1). There was a significant difference between the number of trees at the grazed 
Whataroa site and the Waiho site (z = -3.254, P<O.OI) but not for small or tall seedlings 
(P=O.10, P=0.45 respectively) or saplings (P=0.25) (Table 7.1). Comparisons between 
the ungrazed Whataroa site and the ungrazed Waiho site showed significant differences 
for small seedlings (z = -4.742, P<O.OOI), tall seedlings (z = -3.435, P<O.OI), saplings (z 
= -2.876, P=<O.OI), and trees (z = -4.482, P=O.02) (Table 7.1). Very high numbers of 
seedlings occurred on old logs and occasional deep patches of silt at the Waiho site, and 
none at all on the extensive cobbled areas. Most trees and saplings at the Waiho site 
occurred at the end of the transects, furthest from the abandoned riverbed. 
Table 7.1: Mean densityAha-1) ± one standard error of seedlings, saplings and trees at the 
Whataroa and Waiho sftes. * indicates a significant difference (P < 0.05) between the grazed and 
ungrazed Whataroa sites; ** indicates a significant difference (P < 0.05) between the ungrazed 
Whataroa and Waiho sites; *** indicates a significant difference (P < 0.05) between the grazed 
Whataroa and ungrazed Waiho sites. NB, the Mann-Whitney U test compares median not mean 
values. 
Whataroa Whataroa Waiho ungrazed 
grazed ungrazed 
Small seedlings 270 ± 86' 78 ± 59** 788 ± 198 
Tall seedlings 711 ± 239' 137±36" 887 ± 230 
Saplings 263 ± 73 230 ±43 112 ± 32 
Trees 272 ± 74 , •• 228 ± 48" 38 ±21 
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A significant terrace effect was found for saplings (X2 = 13.564, d.f. = 2, P =0.03), 
and trees (X2 = 14.105, d.f. = 2, P<O.OI) at the Whataroa sites. Pairwise comparisons 
showed significant differences between terraces one and two (saplings: z = -3.190, 
P<O.OI: trees: z = -2.782, P<O.OI) and terraces one and three (saplings: z = -3.408, 
P<O.OI; trees: z = -3.429, P<O.OOI), but not between terraces two and three (saplings: 
P=0.98; trees: P=0.12) (Table 7.2). This indicates that there are significantly more 
saplings and trees on the two oldest terraces (2 and 3) than on the youngest terrace (1). 
The distribution of mean tree density (Table 2) suggests that there has been a progressive 
establishment of trees on the three terraces corresponding with terrace age, with a 
concurrent pulse of establishment of saplings on terraces' 2 and 3. Sapling and tree 
density at the Waiho site is similar to that of the first terrace at the Whataroa sites, and 
are provided in Table 7.2 for comparison. 
Table 7.2: Mean density ± one standard error of saplings and trees (> 3 cm dbh) on the three 
terraces at the Whataroa site. Terrace 1 has significantly less saplings and trees than terraces' 2 
and 3 (P<0.05). There was no significant difference in sapling or tree density between terraces' 2 
and 3. The density of saplings* and trees* at the Waiho site, similar in age to terrace 1, are 
provided for comparison. 
Terrace 1 Terrace 2 Terrace 3 
Saplings 117 ± 8 
Trees 57 ± 10 
Saplings* 112 ± 32 
Trees* 38 ± 21 
297 ± 16 
195 ± 12 
317 ± 14 
398 ± 15 
The size class distribution of saplings and trees at the Whataroa and Waiho sites 
(Figure 7.2) is indicative of an on-going regeneration pulse of totara, with the age of 










~ ~ 50 
~ 
Saplings 3-9.9 10-19.9 
EJWhataroa (n= 532) 
IIWaiho (n = 127) 
20-29.9 30-39.9 
Size elass (em dbh) 
Figure 7.2: Mean density (stems ha-1) of saplings and trees by size class (em dbh) at the 
Whataroa and Waiho sites. 
The correlation between U europaeus cover and the number of short and tall 
seedlings was statistically significant at the Whataroa ungrazed site (short seedlings: rs = 
0.46, P<O.Ol; tall seedlings: rs = 0.57, P<O.OOl) and the Waiho ungrazed site (small 
seedlings: rs = 0.57, P<O.OOl; tall seedlings: rs = 0.48, P<O.Ol) but not at the grazed site 
(Table 7.3). In fact there was a slight negative correlation between seedlings, saplings or 
trees, and U europaeus cover. The majority of small seedlings recorded at the ungrazed 
Whataroa site occurred in or around old U europaeus bushes. The density of old open 
U. europaeus bushes at both Whataroa sites appeared to be similar, however there were 
more young dense U europaeus bushes at the ungrazed Whataroa site. Conversely there 
were few old open U europaeus bushes at the Waiho site, with the majority being young 
and dense; few seedlings were found in these. Seedlings at the grazed Whataroa site 
were observed to be equally likely to occur in the open, as under U europaeus bushes. 
There was no statistically significant relationship between U europaeus cover and 
saplings or tree density at any site. 
U europaeus cover was significantly different between all sites (grazed vs 
ungrazed Whataroa sites: z = 21.87, P<O.Ol; grazed Whataroa vs Waiho: z = 5.23, 
P<0.05; ungrazed Whataroa vs Waiho: z = 29.14, P<O.Ol), with the grazed Whataroa site 
. having the highest cover of U europaeus (Table 7.3). The density of old open U. 
europaeus bushes at both Whataroa sites appeared to be similar, however there were 
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more young dense U europaeus bushes at the ungrazed Whataroa site. Conversely there 
were few old open U europaeus bushes at the Waiho site, with the maj ority being young 
and dense. 
Table 7.3: Spearman's rank correlations (rs) of to tara seedlings, saplings, and trees, with gorse 
cover (% arcsin-square root transformed). * indicates that the correlation is significant at the 0.01 
level (2-tailed). 
Whataroa grazed Whataroa ungrazed Waiho ungrazed 
Mean gorse cover (%) 13 43 27 
Small seedlings -0.276 0.464* 0.566* 
Tall seedlings -0.353 0.573* 0.467* 
Saplings -0.022 0.l45 -0.091 
Trees -0.l21 -0.002 -0.l82 
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7.5 DISCUSSION 
Pickett et al. (1987) considered that the trajectory of natural succession is largely 
determined by differential species availability, site availability, and differential species 
performance. This study found that P. totara var waihoensis was present as seedlings, 
saplings, and small trees on U europaeus-covered river terraces within 150-300 m ofthe 
Whataroa and Waiho Rivers, both in the presence and absence of grazing by cattle. This 
confirms the adequacy and supply of the local seed source, the ability of P. totara to 
establish at these sites under current and past conditions, and that they are surviving to 
recruit into the larger tree size classes. 
However, the density of P. totara seedlings that established at each of the sites 
appears to be related to differences in the physical characteristics ofthe site, grazing 
management, and the presence of U europaeus. For example, establishment sites at the 
Waiho are limited, with few P. to tara seedlings, saplings or trees found on the bare 
cobbles of the old riverbed; however there were very high densities of seedlings recorded 
on raised establishment sites provided by old logs or patches of deeper silt. The 
relatively small number of saplings and trees compared to the Whataroa sites, despite 
high seedling densities, may be due to poor survivorship of these seedlings through 
competition for resources and/or the comparatively young age ofthe Waiho site. 
Grazing appears to improve site availability for P. totara establishment on the 
Whataroa River terraces. Both study sites were grazed up until c.5 years ago, and the 
density of saplings and trees is similar at both sites. Yet seedling density is significantly 
lower at the ungrazed site. Several New Zealand studies have demonstrated the reduced 
ability of native woody seedlings to establish and survive through rank grass growth 
(Esler 1967; Allen et al. 1992; Wilson 1994; Rogers 1996; Widyatmoko & Norton 1997), 
while Buxton et al. (2000) found that grazed plots on several south Westland floodplains 
had higher numbers of P. totara seedlings than ungrazed plots. This suggests that, in the 
face of rank grass growth, regeneration of P. to tara may be favoured under a grazing 
regime of some sort. 
These results appear to conflict with McSweeney (1982), who considered that 
totara did not regenerate in the presence of grazing. However he was referring to P. 
totara regeneration within forest patches, further stating that it was regenerating readily 
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on forest margins and in adjoining scrubland. Ebbett (1998) and Ebbett and Ogden 
(1998) have determined that regeneration of to tara ceases once the canopy closes over, as 
it is a light demanding species. No significant difference was found between the number 
of P. totara seedlings in the grazed and ungrazed portions of Ballyhooly Bush, one of the 
areas that McSweeney refers to (Chapter 6). Therefore McSweeney (i982) was 
observing a succession effect rather than a grazing effect. 
It has been suggested that U europaeus may act as a nurse plant, facilitating the 
establishment of native woody species, particularly where soil conditions are deficient or 
stock are present (Healy 1961; Lee et at. 1986; Wilson 1994). In this study, the key role 
of U europaeus appeared to be the provision of establishment sites. It was observed that 
high numbers of seedlings at the ungrazed Whataroa site established around and under 
older U europaeus bushes in the thin layer of litter (dead needles and twigs) where there 
was no grass. Conversely seedlings were not found in and amongst young, dense, U 
europaeus bushes. Williams & Karl (2002), Lee et at. (1986) and Wilson (1994) also 
found that native seedling and sapling establishment occurred in older U europaeus 
bushes rather than in young dense stands. This suggests that, as these U europaeus 
bushes age and open up, more establishment sites will be provided for P. totara 
seedlings. 
U europaeus may also have other facilitative roles (Callaway 1995) such as 
providing perch sites for birds (i.e., P. totara seed is bird-dispersed), or providing 
establishment sites with a more favourable nutrient status (i.e., U europaeus is an N 
fixer). Williams & Karl (2002) found that U europaeus was utilised by small seed 
dispersing birds and that these were responsible for bringing in much of the seed from 
local sources. Unfortunately the data from this study does not allow the relative 
significance of these roles to be determined. 
The data do indicate that recruitment of P. to tara at the Whataroa sites started at 
least 70 years BP on the older terraces, although the main pulse of colonisation appears to 
have started cAO-50 years BP. The youngest Whataroa terrace and the Waiho site have 
only been available for colonisation in the last c.30 years, hence the relatively low 
numbers of saplings and trees on these. This regeneration pattern is consistent with the 
results ofEbbett (1998) and Wells (1998). Ebbett (1998) found that totara between 20-
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40cm dbh in South Island forest patches were between 40 - 180 years old, while Wells 
(1998) found that the peak recruitment of to tara on recently disturbed sites in the 
Karangarua catchment, south Westland, tended to be between 25 -75 years following 
flood or earthquake disturbance. 
Many of the forest patches on the surrounding developed floodplains have 
regenerated following clearance of the original forest; these tend to be dense stands of P. 
tatara, with suppressed recruitment of seedlings and saplings (Chapter 5). Wells (1998) 
observed similar young dense stands of to tara (maximum age 120 years) on 250-350 year 
old river terraces in the Karangarua catchment, south of the current study area. 
While P. taxifalia and angiosperm species are an insignificant component of these 
young stands, P. taxifalia is co-dominant with P. tatara, and angiosperm species are 
more abundant, in floodplain stands that pre-date European settlement (Chapter 5; Wells, 
1998). Wells (1998) also recorded angiosperm-dominated forest with only scattered 
mature individuals of conifer species and very few conifer seedlings or saplings in the 
Karangarua catchment. These forest stands may be evidence of succession from conifer 
forest in the absence of periodic disturbance, as predicted by Duncan (1993). 
In the current situation I predict that both the grazed and ungrazed sites will 
regenerate into P. tatara-dominated forest if undisturbed by natural events such as river 
incutting or catastrophic flooding, or from pasture development through burning or 
crushing of the U eurapaeus. However it is likely that they will follow initially different 
pathways, with seedlings at the ungrazed sites requiring further U eurapaeus growth and 
senescence to provide suitable establishment sites. Grazing and the growth of P. tatara 
forest on these river terraces may not necessarily be conflicting objectives, at least in the 
short term. Prescribed grazing to meet conservation goals may appear counter-intuitive, 
however it is not a new concept and has international precedents (e.g. Bullock & 
Pakeman 1997). Conservation and production goals will eventually diverge as the 
developing P. tatara forest reduces the availability of grass, however the management 
response at a landscape level need not be 'all or nothing' . 
Point-in-time studies such as this one, and McSweeney's (1982) study, are limited 
in that they can only suggest a traj ectory of succession under different management 
regimes. Monitoring is required to determine the most appropriate conservation policy 
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and management regime, particularly if a balance is sought between conservation and 
production interests (Norton & Miller 2000). 
7.6 CONCLUSION 
In this study, grazing was found to enhance the recruitment and regeneration of P. 
I 
totara seedlings by maintaining a low grass sward. U. europaeus was also considered to 
enhance the recruitment and regeneration of P. totara by providing establishment sites 
for seedlings in otherwise rank grass growth. While the U. europaeus-covered river 
margins of agricultural land in south Westland have traditionally been viewed as having 
low conservation value, this study has highlighted that they could be the P. totara forests 
of the future. 
As is the case in this study, such areas may have a critical role in restoring under-
represented vegetation types and biological communities in the landscape, provided that 
they are recognised and managed appropriately. This suggests that sites where under-
represented vegetation are regenerating should be valued as areas of significant 
indigenous vegetation as much as are patches of tall forest. Protecting areas suitable for 
pasture development, particularly when they are covered with weeds, requires a long-
term perspective (100s of years) and a commitment to enhancing the area of riparian 
forest, particularly since this land would no longer be available for farming. This would 
be a significant issue given the limited availability of farmland and the economic pressure 
on landowners to bring such areas into production. Recognition of this with some form 




In this thesis I have presented a programme of ecological research seeking 1) 
to determine the spatial extent and characteristics of riparian forest on the South 
island's West Coast, and 2) to examine the ecological status and condition of riparian 
forest patches within the West Coast's agricultural landscape. There is an increasing 
interest in managing riparian forest in New Zealand, particularly within agricultural 
landscapes. However, there is little useful scientific information available to help in 
establishing appropriate conservation goals or guiding management actions in these 
landscapes. Research on riparian vegetation in New Zealand has tended to focus on 
the role of this vegetation in maintaining in-stream values (Chapter 1) and only 
recently has the role of the river in maintaining riparian vegetation on the floodplains 
been appreciated. Similarly, only recently have natural and contemporary disturbance 
regimes been considered as a factor in the management of forest patches for nature 
conservation. 
The spatial extent of indigenous forest, regenerating scrub, and pasture on the 
floodplains ofthe West Coast were quantified, because this is a prerequisite to 
understanding and managing human dominated landscapes for nature conservation 
and economic production (Chapter 2). The extensive forests on the floodplains of 
south Westland remain only because of their isolation and poor drainage, and 
subsequent recognition of their conservation value by the Government. However the 
results of this study show that the West Coast agricultural areas are similar to the rest 
of New Zealand, and indeed the world, in the scale of clearance and fragmentation of 
forests on floodplains. Conservation managers will need to maintain or increase the 
area of riparian forest in the landscape and improve the internal conditions within 
forest patches, if they are to protect indigenous biodiversity in these landscapes. This 
requires consideration of patch isolation from fluvial processes and farm management 
practices, as well as the economic aspirations of landowners. Protection and 
management will be a long-term prospect, and requires the development of pragmatic 
but visionary conservation goals for the landscape. 
It was necessary to clarify just what the riparian zone is, in the context of the 
West Coast agricultural landscape, because the general perception in New Zealand is 
of a strip of vegetation alongside a river, that has high biodiversity values and a role 
in maintaining water quality. Few people would think of the floodplain when asked 
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to define riparian. This study found that the gradient of species change away from the 
river at two intact floodplain forest sites on the Poerua River exhibited all the 
characteristics of an edge community of a riparian forest, rather than a unique riparian 
community per se at the edge of the river (Chapter 3). Deposition of alluvial 
sediments by overbank flooding, with its effect on fertility and drainage, did appear to 
influence floristic patterns. However the results indicated that the creation of edges 
by lateral river movement, i.e. incutting or deposition, played a greater role in the 
observed patterns of species richness and abundance at the scale of this study, than 
overbank flooding. Lateral river movement was found to modify intact floodplain 
forest that had established in response to past disturbance events. This suggests that 
edges are a natural feature of riparian forest. The implication for conservation 
management strategies seeking to protect riparian vegetation or biodiversity on the 
West Coast is the need to look beyond the margins of the river onto the floodplains. It 
also allows flexibility in setting conservation goals for patches that are largely edge. 
The floodplain forests of south Westland provide the only remaining model of 
natural riparian forest for the agricultural areas of the West Coast. Three forest 
communities and two scrub-wetland communities were identified (Chapter 4) as 
recognisable and repeatable entities on the floodplains of south Westland. Two 
podocarp species, Dacrycarpus dacrydioides and Dacrydium cupressinum, are the 
stand structural dominants of the three forest communities, and disturbance history 
appears to playa significant role in determining the extent of these communities at a 
landscape scale. Soil drainage, considered to be linked to other factors such as soil 
age and fertility, accounted for much of the floristic variability within the forest and 
scrub-wetland communities. The three forest communities are species rich relative to 
adjacent hill forest, and comparable to podocarp forests elsewhere in New Zealand, 
despite their southern latitude. Beta diversity was found to be greatest in the 
dicotyledonous and monocotyledonous herbs, and between the forest and scrub-
wetland communities. Gamma diversity was also found to be greatest in the 
dicotyledonous and monocotyledonous herbs although, overall, gamma diversity 
between the four floodplains was similar. The implications of this study are that the 
role of disturbance and local site conditions are important in structuring riparian forest 
communities. Therefore disturbance history and land management practices, e.g. 
drainage, needs to be considered when establishing conservation goals and seeking to 
protect or maintain riparian forest patches. 
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The small forest patches on the developed floodplains contain fewer 
indigenous species than in the intact riparian forest of south Westland (Chapter 4; 
Chapter 5). However, they provide the only opportunity for protecting riparian forest 
and biodiversity within many of the West Coast's Ecological Districts. While it could 
be argued that 'enough' riparian forest is protected in south Westland, these forests 
are not representative of the Podoearpus totara - Prumnopitys taxifolia or even D. 
daerydioides forests that once occurred on the well drained floodplains, and do not 
provide for indigenous biodiversity in the agricultural landscapes. The majority of 
forest patches studied (Chapter 5) have regenerated since forest clearance by 
European settlers, and few remnants ofthe original forest remain, a pattern that 
appears to be repeated throughout the West Coast and elsewhere in New Zealand. 
This indicates that conservation goals seeking to protect the full range of natural 
variation characteristic of a landscape or region prior to the arrival of humans may be 
inappropriate for these landscapes. Maintaining the presence of stand structural 
dominants (the podocarps) in the landscape and protecting the forest communities 
within the patches are suggested as more appropriate goals (Chapter 2). Regeneration 
ofthe dominant podocarps has ceased within the study patches and it is likely that 
over time the podocarps will senesce and these patches will become increasingly 
dominated by angiosperm species (Chapter 5). It may be possible to maintain 
regeneration of podocarps within forest patches by experimenting with different 
disturbance regimes. However maintaining podocarp regeneration in the landscape 
may also be achieved by protecting areas of regenerating scrub (Chapter 2; Chapter 
7). 
Grazing by cattle within these forest patches was found to have an effect on 
the structure and composition ofthe forest patches by reducing the cover of 
vegetation in the browse tier, resulting in a depleted understorey (Chapter 6). 
Palatable species such as SehejJlera digitata are relatively abundant where grazing is 
excluded, however contrary to expectation, unpalatable species were not found to be 
more abundant in grazed forest patches. It can be demonstrated that fencing such 
patches will result in the development of an abundant edge canopy (ef Chapter 3) and 
that this may buffer forest patches against edge effects. However, recovery of the 
understorey may be less dramatic than expected if the canopy is dense and light levels 
are low. 
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Grazing within the forest patches did not affect the number of podocarp 
seedlings or saplings recruiting into the next size class, with the successional stage of 
the stand controlling this (Chapter 5; Chapter 6). The establishment of D. 
dacrydioides seedlings into some P. totara - P. taxifolia forest patches may be 
favoured by grazing, however it is not lmown whether these will survive to recruit 
into the tree class and dramatically change the forest structure. However, grazing on 
river terraces dominated by exotic grasses, such as Holcus lanatus, does favour the 
establishment and regeneration of P. totara by providing establishment sites (Chapter 
7). Senescing U europaeus bushes also appear to provide establishment sites for P. 
totara seedlings where grazing is excluded and there is rank grass growth. Both 
grazed and ungrazed river terraces have the potential to develop into P. totara forest if 
catastrophic floods, or land clearance and pasture development does not destroy them. 
One protection strategy would be to classify such areas as significant indigenous 
vegetation, as per the Resource Management Act 1991. This would allow economic 
production goals to be met in the medium term, while delivering conservation goals 
for the long term. 
Protecting riparian forest communities within the agricultural areas of the 
West Coast requires new and innovative ways of viewing the landscape, and 
consideration and acceptance of the role of disturbance in patch management. A 
reliance on traditional conservation measures such as seeking to protect and preserve 
representatives of a past condition, or to exclude human use, will fail to achieve the 
protection of indigenous biodiversity in a privately owned agricultural landscape. 
Pragmatic conservation goals informed by ecology and socio-economic factors, and 
established in consultation with landowners, are likely to have the greatest chance of 
success. Effective planning for conservation management of riparian forest will 
require a landscape perspective, although it is likely that issues will need to be dealt 
with on a patch by patch basis with landowners. 
To conclude, it is suggested that conservation goals for protecting riparian 
forest and indigenous biodiversity within the West Coast's agricultural landscapes can 
be best achieved by taking a large-scale, active, adaptive management approach. That 
is, conservation managers, territorial authorities, scientists, and landowners working 
together to establish and evaluate alternative management policies and options for 
riparian forest in farmland. This process aclmowledges that there is uncertainty about 
what policy or practice is best for managing riparian forest patches in these 
8-4 
landscapes. However its participatory scientific approach to resource management 
provides the most positive means for integrating conservation and production in the 
West Coast agricultural landscape. 
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10 Appendix 
10.1. Appendix 1 
Table 10.1: The frequency of abundance of species present at pew and PRE with plot distance (m) from the river. 
pew PRE 
0 5 10 15 20 30 40 50 75 100 0 5 10 15 20 30 40 50 75 100 
Ferns and fern allies 
Adiantum cunninghamii 0 0 0 0 0 0 0 0 0 0 0 30 10 0 0 0 20 10 0 20 
Asplenium bulbiferum 40 50 70 80 90 80 80 90 70 70 50 50 70 70 90 100 90 90 90 70 
A. flaccidum 100 90 70 100 80 60 80 50 60 50 70 90 100 80 100 90 70 50 60 40 
A.polyodon 10 30 10 40 40 40 50 30 30 20 20 30 70 50 70 60 70 30 50 50 
Blechnum chambersii 40 40 60 80 60 70 80 70 20 30 60 60 80 90 90 100 80 70 90 70 
B. colensoii 20 20 0 30 20 40 60 50 80 30 0 0 10 30 20 0 10 0 0 0 
B. discolor 50 30 10 20 50 30 20 20 50 70 0 20 30 20 30 30 20 50 10 40 
B. fluviatile 40 20 40 30 40 20 0 10 30 0 10 50 30 30 30 30 20 20 30 70 
B. novaeseelandiae 100 40 40 0 0 0 0 20 40 50 90 50 10 10 0 0 10 0 0 20 
Ctenopteris heterophylla 30 30 10 20 40 10 0 20 20 30 60 40 10 40 20 10 20 20 30 20 
Cyathea smithii 60 80 40 60 60 50 40 40 40 40 50 80 70 90 80 90 90 90 90 90 
Dicksonia fibrosa 0 0 0 0 0 0 0 0 0 0 20 30 30 30 10 10 40 50 60 60 
D. squarrosa 100 90 100 90 90 90 90 90 100 90 60 70 100 80 70 70 30 60 50 40 
Grammitis billardierei 20 20 30 40 50 40 30 60 40 40 0 0 0 0 0 0 0 10 0 0 
Histiopteris incisa 0 0 0 0 0 10 10 0 0 10 10 10 0 0 10 20 0 10 0 0 
Hymenophyllum spp. 60 40 50 60 30 50 10 30 20 40 10 20 20 20 40 70 30 40 50 10 
Lastreopsis hispida 0 20 10 20 30 10 10 0 10 20 30 0 20 30 30 30 30 30 50 30 
Leptopteris hymenophylloides 0 0 0 10 10 0 10 0 0 0 0 0 20 60 40 40 20 40 40 40 
L. superba 0 0 0 0 0 0 20 10 0 0 0 0 0 0 0 0 0 10 10 20 
Lycopodium varium 30 20 10 10 10 30 10 20 10 10 20 70 30 20 40 30 40 30 30 0 
Paesia scaberula 10 0 0 0 0 0 0 0 0 0 20 0 0 10 0 10 10 20 10 10 
Phymatosorus diversifolius 60 60 40 60 50 30 30 20 10 30 80 100 80 100 70 80 70 90 70 80 
Pneumatopteris pennigera 60 60 70 60 70 70 60 60 70 70 40 70 60 40 70 60 60 30 40 10 
Polystichum vestitum 30 40 40 30 10 40 30 30 20 20 20 20 40 90 60 50 100 80 60 70 
Pyrrosia serpens 10 10 10 0 0 0 10 0 0 0 20 30 20 20 10 20 0 0 10 10 
Rumohra adiantiformes 50 20 40 20 40 20 30 50 0 10 10 20 40 10 10 20 20 0 10 10 
Tmesipteris elongata 50 30 20 10 40 30 10 10 30 20 20 70 30 10 40 30 10 0 0 0 
Trichomanes reniforme 70 70 20 30 40 40 50 40 20 60 30 40 20 40 30 20 40 10 40 60 
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pew PRE 
0 5 10 15 20 30 40 50 75 100 0 5 10 15 20 30 40 50 75 100 
Trees and shrubs 
Dacrycarpus dacrydioides 100 70 70 90 90 70 90 90 90 90 90 90 80 80 70 80 60 80 80 90 
Dacrydium cupressinum 30 40 0 10 10 0 0 10 50 40 30 10 20 0 0 0 10 0 0 0 
Monoao colensoi 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Podocarpus to tara 50 30 10 0 0 0 0 10 0 0 50 30 20 30 20 20 0 0 0 0 
Prumnopitys ferruginea 20 10 0 0 10 10 40 20 0 10 10 10 10 20 10 10 0 0 10 0 
P. taxifolia 0 0 0 0 0 0 0 0 0 0 10 20 0 20 40 0 20 10 0 0 
Aristotelia serrata 60 20 40 10 20 20 20 20 10 30 10 0 10 20 10 10 50 30 30 40 
Carmichaelia arborea 50 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 
C. australis 20 10 0 0 0 0 10 0 0 0 10 0 0 0 0 0 0 0 0 0 
Carpodetus serratus 90 70 50 40 60 60 80 90 90 80 80 90 60 70 60 70 90 60 80 80 
Clematis paniculata 20 20 10 10 10 10 20 30 40 40 0 10 30 10 10 20 10 10 20 10 
Coprosma ciliata 20 10 0 0 0 10 0 0 10 30 10 0 10 0 0 0 10 10 10 10 
C. foetidissima 10 10 0 10 0 10 10 30 10 10 10 10 0 0 0 0 0 10 0 0 
C. propinqua 90 10 0 10 0 0 0 10 30 10 90 40 0 20 0 10 10 0 10 30 
C. pro x rob 10 0 0 0 0 0 0 0 0 0 20 10 0 0 10 0 0 0 0 0 
C. rhamnoides 10 30 10 0 0 0 10 0 10 10 10 10 20 10 0 10 0 10 10 0 
C. robusta 90 80 70 50 50 30 10 40 40 20 30 30 30 30 10 30 30 30 0 10 
C. rotundifolia 60 90 80 70 60 80 80 80 50 60 30 60 30 70 70 80 80 100 100 100 
C. taylorae 40 30 0 30 10 20 10 50 70 60 20 10 10 0 30 20 0 10 10 10 
Coriaria arborea 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fuchsia excortica 10 0 0 20 10 0 0 10 0 20 0 0 0 10 0 10 30 0 0 10 
F. perscandens 0 10 0 10 10 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 
Griselinia littoralis 20 10 30 10 10 0 0 10 20 20 10 20 0 0 0 0 0 0 10 30 
G.lucida 60 40 30 50 20 10 40 80 70 30 60 50 70 40 50 70 60 40 50 60 
Hebe salicifolia 70 0 0 0 0 0 0 0 0 0 50 10 0 0 0 0 0 0 0 0 
Hedycarya arborea 10 20 20 30 40 30 30 30 0 10 20 30 20 40 60 50 50 50 70 50 
Hoheria populnea 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melicytus ramiflorus 90 80 80 60 70 80 80 40 20 40 80 90 90 90 90 80 50 70 80 60 
Metrosideros diffusa 100 90 100 80 90 100 100 100 90 90 80 80 70 90 90 80 70 90 30 90 
Mpeiforata 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Muehlenbeckia australis 0 30 30 10 20 10 20 20 20 10 0 0 0 0 0 0 0 0 0 0 
Myrsine australis 10 0 0 0 0 0 0 10 0 0 30 40 20 10 10 30 10 20 20 0 
M divaricata 0 0 0 0 0 10 10 20 30 50 10 0 0 0 0 0 0 0 0 10 
Neomyrtus pedunculata 10 10 0 0 0 0 0 0 0 60 0 10 10 0 0 0 0 10 0 0 
Nertera depressa 30 40 40 40 60 50 70 60 90 70 0 10 30 10 10 20 30 30 0 40 
10-2 
pew PRE 
0 5 10 15 20 30 40 50 75 100 0 5 10 15 20 30 40 50 75 100 
Olearia ilicifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 10 
Parsonsia heterophylla 10 50 50 70 40 60 50 80 30 30 10 50 40 30 30 50 10 10 30 20 
Pennantia corymbosa 20 50 50 50 50 60 50 60 30 20 40 20 60 90 60 70 70 90 70 80 
Phylocladus alpinus 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 
Pseudopanax colensoi 20 10 20 20 40 10 20 10 20 0 30 20 70 40 80 60 60 70 60 50 
P. crassifolius 70 60 20 60 30 40 50 90 90 80 30 40 10 0 20 10 10 30 0 30 
Pseudowintera colorata 20 0 20 50 20 60 80 80 60 60 0 0 0 40 10 10 30 20 30 20 
Quintina acutifolia 30 20 10 40 0 10 0 10 20 30 0 0 0 0 0 0 10 0 0 10 
Raukaua anomalus 0 20 10 10 20 0 10 20 30 40 20 0 10 10 0 0 0 0 0 30 
R. edgerlyii 10 10 20 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 
R. simplex 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rubus cissoides 50 20 30 30 30 60 40 40 50 10 30 40 30 30 40 30 10 20 10 20 
Schefflera digitata 70 80 70 100 90 90 90 70 70 80 20 40 80 100 90 70 80 80 70 90 
Streb Ius heterophyllus 70 80 70 60 70 80 90 50 30 40 60 90 70 70 70 60 80 80 70 70 
Urtica ferox 0 0 0 0 0 0 0 0 0 0 20 10 0 20 20 30 60 60 40 40 
Weinmannia racemosa 100 90 80 90 80 100 90 100 100 100 40 40 40 20 40 30 40 20 30 10 
Monocotyledons 
Astelia solandri 70 50 30 40 40 40 40 30 90 70 40 80 70 70 70 70 30 70 50 30 
Carexsp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 10 0 10 10 
Cordyline australis 20 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Cortaderia richardii 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 
Earina autumnalis 30 10 0 0 0 10 10 0 0 0 0 20 10 10 20 0 0 0 10 10 
Earina mucronata 40 20 10 0 0 0 10 0 0 0 30 20 0 20 20 20 10 0 10 10 
Freycinetia baueriana 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Microlaena avenacea 80 70 80 70 90 70 70 90 60 60 50 50 30 60 30 70 70 70 60 80 
Phormium tenax 40 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 10 0 10 0 
Rhipogonum scan dens 20 60 70 80 70 40 60 60 40 30 10 40 40 30 50 10 70 50 60 30 
Uncinia uncinata 80 100 80 90 90 80 100 100 90 80 80 90 80 100 80 100 90 100 80 100 
Exotic weeds 
Ulex europaeus 20 0 0 0 0 0 0 0 0 0 30 10 0 0 0 0 0 0 0 0 
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10.2. Appendix 2: 
Table 10.2: Species percent cover by strata of plant species. Only species with a combined cover;;::: 3% or;;::: 
75% freguency of occurrence are listed. 
S~ecies emergent cano~;y subcano~;y shrub ground total 
Houston 
Daclycarpus dacrydioides 34.5 0.1 0.4 0.4 35.4 
Daclydium cupressinum 2.7 0.1 0.1 2.9 
Weimannia racemosa 12.5 2.5 1.8 16.8 
Pseudopanax crassifolius 2.5 0.3 0.3 3.1 
Dicksonia squarossa 1.5 1.9 3.4 
Neomyrtus pedunculata 3.4 1.3 4.7 
Ulex europaeus 2.4 0.7 3.1 
Blechnum novaezeelandiae 2.4 2.4 
Duckett 
W. racemosa 38.3 14.7 2.9 1.2 57.1 
D. daClydioides 30.4 1.6 0.6 0.6 35.1 
N. pedunculata 1.9 2.5 4.4 
D. squarossa 1.9 2.6 4.4 
B. novaezeelandiae 1.6 1.6 
Cookl 
D. daclydioides 18.2 9.7 <0.1 1.5 29.4 
Prumnopitys taxifalia 2.2 3.5 5.7 
Griselinia littaralis 4.7 0.9 5.6 
Podocarpus acutifolius 1.3 1.3 4.1 <0.1 6.8 
Pittosparum colensoi 6.1 0.8 0.9 0.1 7.9 
Carpodetus serratus 1.4 3.3 0.3 4.9 9.9 
Coprosma rotundifolia 9.8 24.1 5.0 38.9 
Scheflera digitata 7.4 4.9 4.3 16.6 
Cyathea smithii 9.1 8.9 18.1 
B. fluviatile 4.1 4.1 
Pneumatopteris pennigera 3.6 3.6 
ASl!,lenium bulbiferum 3.5 3.5 
Cook2 
D. dacrydioides 87.5 87.5 
P. acutifolius 17.5 17.5 
N. l!,edunculata 3.0 0.5 0.5 4.0 
Cook3 
D. daclydioides 62.5 62.5 
P. acutifolius 17.5 17.5 
C. rotundifolia 37.5 3.0 40.5 
S. digitata 3.0 3.0 
C. ciliata 3.0 3.0 
P. vestitum 3.0 3.0 
Cook 4 
D. dacrydioides 62.5 62.5 
P. acutifolius 20.3 20.3 
C. ciliata 8.8 12.5 21.3 
C. rotundifolia 1.8 5.3 7.1 
C. propinqua 1.8 3.0 4.8 
B. fluviatile 10.3 10.3 
B.procerum 3.0 3.0 
P. vestitum 3.0 3.0 
CookS 
D. dacrydiaides 65.5 8.7 0.1 0.2 72.5 
C. taylorae 15.3 15.3 
C. rotundifolia 10.6 1.3 11.9 
P. acutifolius 4.2 4.2 
S. digitata 1.8 3.0 4.8 
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S~ecies emergent cano~~ subcano~~ shrub ground total 
B. fluviatile 3.0 3.0 
Cook 6 
D. dacrydioides 45.8 2.3 0.1 0.3 46.4 
G. littoralis 4.4 4.4 
C. serratus 1.5 2.6 0.1 4.3 
S. digitata 1.0 7.8 8.8 
D. squarossa 4.5 0.1 4.6 
C. rotundifolia 6.0 0.1 6.1 
C. ciliata 3.0 3.0 
B. fluviatile 3.4 3.4 
Walls 
D. daclydioides 49.2 1.2 0.7 0.1 51.1 
P. acutifolius 0.8 5.4 < 0.1 6.3 
C. rotundifolia 11.1 0.4 11.5 
C. smithii 6.2 1.9 8.2 
N pedunculata 4.5 0.3 4.8 
D. squarossa 3.0 0.2 3.2 
O'Reilly 
D. dacrydioides 12.2 0.4 12.6 
P. taxifolia 4.7 4.7 
D. cupressinum 0.9 0.9 
S. digitata 2.3 4.0 1.5 1.9 9.7 
D. squarrosa 0.9 7.1 0.2 8.2 
A. serrata 1.7 2.6 4.3 
P. eugenioides 0.9 0.4 1.3 
P. colorata 1.4 0.9 0.3 2.6 
Scenic Reserve 
D. dacrydioides 17.5 17.5 
P. acutifolius 3.0 0.5 3.5 
C. serratus 3.0 0.5 3.5 
W. racemosa 3.0 3.0 
C. cilliata 17.5 17.5 
C. smithii 3.0 3.0 
P. colorata 3.0 3.0 
H. arborea 3.0 3.0 
S. digitata 3.0 3.0 
N pedunculata 3.0 3.0 
D. squarrosa 3.0 3.0 
B. novaezeelandiae 17.5 17.5 
Levett 1 
P. to tara var waihoensis 45.8 0.2 46.0 
P. taxifolia 27.8 1.8 <0.1 0.3 29.9 
Pennantia cO/ymbosa 0.7 3.3 0.2 0.3 4.5 
C. rotundifolia 0.9 10.4 2.7 14.0 
Levett 2 
P. totara var waihoensis 35.4 35.4 
P. taxifolia 17.9 3.0 0.2 21.1 
C. rotundifolia 0.9 21.8 0.2 22.9 
P. corymbosa 4.3 1.1 0.8 6.2 
Raukawa anomalus 5.6 4.8 8.4 
Hedycara arborea 2.2 1.9 4.1 
C. smithii 3.2 3.2 
S. digitata 3.0 0.3 3.3 
P. vestitum 3.3 3.3 
Dodunsld 1 
P. to tara var waihoensis 70.4 0.9 < 0.1 0.4 71.7 
Aristotelia serrata 4.5 0.9 < 0.1 5.5 
S. digitata 0.4 2.4 0.8 3.6 
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SEecies emergent canoE~ subcanoE~ shrub ground total 
Melicytus ramiflorus 0.5 1.6 1.0 3.1 
C. rotundifolia 35.4 0.3 35.7 
C. smithii 2.9 0.2 3.1 
Dodunski 2 
P. totara var waihoensis 56.3 14.5 70.8 
C. rotundifolia 28.9 1.8 30.6 
Dodunski 3 
D. dacrydioides 1.9 12.5 0.8 0.4 0.4 15.9 
P. taxifolia 1.9 1.9 2.6 0.3 0.4 7.0 
A. serrata 9.4 9.4 1.6 20.4 
P. totara var waihoensis 6.4 3.4 9.8 
D. squarossa 1.5 1.6 0.3 3.4 
C. rotundifolia 56.3 0.3 56.6 
C. smithii 3.8 1.6 3.4 
Fuchsia excorticata 3.5 0.1 3.6 
S. diEQ'tata 2.4 1.0 3.4 
Northcroft 
P. totara var waihoensis 30.0 0.4 <0.1 0.1 30.6 
P. taxifolia 20.7 1.5 0.2 22.4 
A. serrata 5.8 3.7 0.2 0.1 9.9 
D. squarossa 9.4 5.9 0.2 15.6 
P. c01ymbosa 3.5 2.4 1.4 7.4 
S. digitata 1.6 0.7 5.6 5.9 
C. rotundifolia 3.6 1.1 4.7 
C. ciliata 3.2 1.1 4.3 
Nolan 
P. taxifolia 19.4 < 0.1 < 0.1 19.5 
P. to tara var waihoensis 18.5 0.9 <0.1 19.5 
C. serratus 0.9 2.2 0.2 3.3 
P. crassifolius 2.3 1.3 0.3 0.4 4.3 
S. digitata 18.2 45.8 5.9 65.9 
D. squarossa 1.1 2.9 0.2 4.2 
C. smithii 5.6 0.2 5.8 
Floristic cover and stand structure - Community 1 
, 
Houston 
The canopy of this forest patch is dominated by D. dacrydioides, with D. cupressinum being 
less abundant in this tier (Table 10.2). W racemosa dominates the subcanopy and is also common 
in the shrub tier, along with D. squarrosa, and N pedunculata. B. novaezeelandiae is the most 
common ground fern. The introduced woody weed Ulex europaeus is also present in the shrub tier 
and as seedlings. 42 species were recorded in this patch, with a mean species richness plorl ± one 
standard error of22.4 ± 1.5. 
D. dacrydioides accounts for 86% (38 m2 ha-I) of the total basal area (44.1 m2 ha-I ) (Table 
10.3). The angiosperm W racemosa and dead D. dacrydioides contribute most of the remainder, at 
5 m2 ha-I and 3 m2 ha-I respectively. 
The size class distribution shows a high density of D. dacrydioides stems in the first three 
size classes (Fig. 5.1). Dead stems within first two size classes probably reflect self-thinning caused 
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by density dependent mortality. Small numbers of P. jeruginea, D. cupressinum and P. totara trees 
are scattered throughout the patch. There are relatively low numbers of D. dacrydioides seedlings 
and saplings. The tips of most of the saplings have withered which suggests that they are being 
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Figure 10.1: Size class - density distribution of seedlings, saplings and trees in the Houston patch. 
Duckett 
W racemosa and D. dacrydioides dominate the canopy of this patch, with W racemosa also 
dominating the subcanopy (Table 10.2). The shrub tier is sparse, containing W racemosa, D. 
squarrosa, N pedunculata, and some D. dacrydioides. N pedunculata andD. squarrosa are 
dominant in the otherwise sparse ground tier, with Blechnum novaeseelandiae being the most 
common ground fern. 38 species were recorded in this patch, with a mean species richness of 17.3 
± 1.2 piof l . 
D. dacrydioides accounts for nearly 50% (38 m2 ha-I) of the total basal area (76.4 m2 ha-I) 
(Table 10.3). D. cupressinum is the next most dominant podocarp with a mean basal area of2 m2 
ha- I . Unlike the Houston patch, however, W racemosa is co-dominant with D. dacrydioides, with a 
mean basal area of 36 m2 ha-I . 
The relatively high density of dead D. dacrydioides, particularly in the first size class 
probably reflects self-thinning caused by density dependent mortality (Fig. 10.2). Few seedlings are 
recruiting to the sapling class, and the few saplings that are present are unlikely to be recruiting into 
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Figure 10.2: Size class - density distribution of seedlings, saplings and trees in the Duckett patch. 
Floristic cover and stand structure Community 2 
Cookl 
D. dacrydioides and occasional P. taxifolia are emergent over a canopy comprised of D. 
dacrydioides, P. taxifolia, P. colensoi, G. littoralis, C. serratus, and P. acutifolius (Table 10.2). C. 
rotundifolia, S. digitata, and C. serratus are relatively abundant in the subcanopy, while C. 
rotundifolia dominates a relatively dense shrub tier. C. smithii, S. digitata, and P. acutifolius are 
also common in this tier. C. smithii, C. rotundifolia, and C. serratus are abundant in the ground 
tier, with B. fluviatile, Pneumatopterus pennigera and Asplenium bulbiferum the most abundant 
ground ferns. 38 species were recorded in this patch, with a mean species richness of 19.4 ± 1.8 
plorl. 
D. dacrydioides accounts for 84% (46 m2 ha-l ) of the total basal area (54.5 m2 ha-l) (Table 
10.3). P. taxifolia and P. acutifolius are less dominant, each at 2 m2 ha-1. Pittosporum colensoi is 
the most dominant angiosperm (2 m2 ha-1), although angiosperms contribute only a small amount 
(8%) of the total basal area of this patch. 
The size class distribution is bimodal, suggesting that there were two periods of stand 
establishment (Fig. 10.3). The lack of saplings indicates that D. dacrydioides and P. taxifolia 
seedlings are not recruiting into the sapling class, and hence are not available for recruitment into 
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Figure 10.3 Size class - density distribution of seedlings, saplings and trees in the Cook 1 patch. 
Cook 2 
A dense cover ofD. dacrydioides dominates the canopy of this small forest patch, while the 
sub canopy is dominated by P. acutifolius with N pedunculata being relatively abundant in this tier 
(Table 10.2). The shrub tier is virtually non-existent, with occasional N pedunculata. The native 
grass Microlaena avenacea is the most abundant ground cover. 15 species were recorded in this 
patch. 
D. dacrydioides accounts for 79% (11 m2 ha-1) of the total basal area (14 m2 ha-1), while P. 
acutifolius accounts for 21 % (3 m2 ha-1) (Table 10.3). There were no angiosperms present in this 
patch. 
The small number of dead D. dacrydioides stems in the first tree size class probably reflects 
self-thinning caused by density dependent mortality (Fig. 10.4). There are a small number of D. 
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Figure 10.4: Size class - density distribution of seedlings, saplings and trees in the Cook 2 patch. 
Cook 3 
A dense cover of D. dacrydioides dominates the canopy ofthis small forest patch, while the 
subcanopy is dominated by P. acutifolius (Table 10.2). Unlike the adjacent Cook 2 patch, this 
patch has a dense shrub tier of C. rotundifolia, over a ground tier of C. rotundifolia, S. digitata, C. 
ciliata, and the fern P. vestitum. 13 species were recorded in this patch. 
D. dacrydioides accounts for 50% (6 m2 ha-1) ofthe total basal area (12 m2 ha-1) while a few 
large P. acutifolius accounts for the rest (6 m2 ha-1) (Table 10.3). D. dacrydioides and P. acutifolius 
comprise the canopy and sub canopy respectively, while C. rotundifolia dominates the shrub tier. 
The size class distribution and the lack of seedlings and saplings indicate that this stand has ceased 
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Figure 10.5: Size class - density distribution of seedlings, saplings and trees in the Cook 3 patch. 
10-10 
Cook 4 
A dense cover of D. dacrydioides dominates the canopy of this forest patch, over a shrub tier 
dominated by P. acutifolius and C. ciliata (Table 10.2). There is no subcanopy tier. The ground 
tier is dominated by C. ciliata and B. fluviatile, with C. rotundifolia, C. propinqua, and the ferns B. 
procerum and P. vestitum also being common. 20 species were recorded in this patch, with a mean 
species richness of 17 plorl. 
D. dacrydioides accounts for 91 % (21 m2 ha-1) ofthe total basal area (23 m2 ha-1) (Table 
10.3), while P. acutifolius contributes 2 m2 ha-1. P. crassifolius is the only angiosperm present in 
this patch, providing an insignificant contribution to the total basal area. 
The bell-shaped size class distribution (Fig. 10.6), size class - age distribution, and the lack 
of seedlings, saplings, and stems in the first size class indicates that this stand was initiated 
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Figure 10.6: Size class - density distribution of seedlings, saplings and trees in the Cook 4 patch. 
CookS 
A dense cover of D. dacrydioides dominates the canopy of this forest patch, over a less 
dense subcanopy of D. dacrydioides (Table 10.2). C. taylorae and C. rotundifolia are dominant in 
the shrub tier, with P. acutifolius also being abundant in this tier. S. digitata and the fern B. 
fluviatile are the most abundant ground cover species. 33 species were recorded in this plot, with a 
mean species richness of 20 ± 0.8 plorl. 
D. dacrydioides comprises 98% (66 m2 ha-1) of the total basal area (67.3 m2 ha-1) (Table 
10.3). Angiosperms contribute only 0.5 m2 ha-1 to this patch. 
10-11 
The size class - density distribution suggests a bimodal pattern of D. dacrydioides 
regeneration, with the first pulse of regeneration starting c.1S0 years ago and the second pulse c.80 
years ago (Fig. 10.7). There is a small number of dead D. dacrydioides stems in the first size class 
which probably reflect self-thinning caused by density dependent mortality. D. dacrydioides and P. 
taxifolia seedlings and saplings are present, however these are not recruiting into the first size class. 
III Kahikatea 
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Figure 10.7: Size class - density distribution of seedlings, saplings and trees in the Cook 5 patch. 
Cook 6 
D. dacrydioides forms a relatively dense canopy over a sparse subcanopy of G. littoralis, D. 
dacrydioides, and C. serratus (Table 10.2). C. rotundifolia, D. squarrosa, C. ciliata, and C. 
serratus are the most abundant shrub tier species, over a ground tier dominated by S. digitata. The 
fern B. fluviatile is also relatively abundant in the ground tier. 37 species were recorded in this plot, 
with a mean species richness of25 ± 0.8 plorl. 
D. dacrydioides comprises 97% (37 m2 ha-1) of the total basal area (38.3 m2 ha-1) (Fig. 10.8, 
Table 10.3). P. acutifolius is an insignificant component of the total basal area (0.1 m2 ha-1). The 
angiosperms C. serratus and P. colensoi contribute O.S m2 ha-1 respectively. 
The reverse J size class distribution (cf. bell shaped distribution) and size class - age data 
(Fig. 10.8) suggests that there has been a period of continuous D. dacrydioides regeneration from 
c.1S0-S0 years ago. The relatively low numbers of D. dacrydioides and P. taxifolia seedlings and 
saplings would appear to be ephemeral and are suppressed or die before they can recruit into the 




















Sd Sp 3-10 10- 20- 30- 40- 50- 60- 70- 80-
20 30 40 50 60 70 80 90 
Size class (em dbh) 
Figure 10.8: Size class - density distribution of seedlings, saplings and trees in the Cook 6 patch. 
Walls 
D. dacrydioides forms a relatively dense canopy over a very sparse subcanopy of D. 
dacrydioides andP' acutifolius (Table 10.2). C. rotundifolia, C. smith ii, P. acutifolius, andN. 
pedunculata dominate the relatively dense shrub tier. The tree fern D. squarrosa is also relatively 
common in this tier. 39 species were recorded in this patch, with a mean species richness of 18.9 ± 
1.3 plofl . 
D. dacrydioides accounts for 95% (88 m2 ha-l) of the total basal area (92.5 m2 ha- I) (Table 
10.3). This is significantly greater than the other kahikatea dominant patches. Dead kahikatea were 
a relatively small component at 0.5 m2 ha-l , occurring in the 10-30 size classes (Fig. 10.9). Prickly 
leaved totara is the only other podocarp, and contributes a basal area of 2 m2 ha-l • The angiosperms 
P. colensoi, Aristotelia serrata, C. serratus, Griselinia littoralis, Melicytus ramiflorus, and 
Pseudopanax crassifolius have a combined basal area of 2.5 m2 ha-I . These were mainly located at 
an edge plot nearest the Hokitika River. 
There is the suggestion of a bimodal recruitment pattern in the size class distribution of 
kahikatea (Fig. 10.9); certainly one end of the patch is dominated by large widely spaced kahikatea 
intergrading with a dense stand of smaller trees at the the other end ... This suggests that this patch 
was formed in two regeneration pulses c.150-50 years ago. There were few kahikatea seedlings and 
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Figure 10.9: Size class - density distribution of seedlings, saplings and trees in the Walls patch. 
O'Reilly 
The podocarps D. dacrydioides, P. taxi/olia, and D. cupressinum are emergent over a 
canopy and subcanopy of S. digitata, A. serrata, and D. squarrosa (Table 10.2). The shrub and 
ground tiers are sparse, with S. digitata the most abundant species. 25 species were recorded in this 
patch, with a mean species richness of 12.3 ± 1.2 plorl. 
EmergentD. dacrydioides comprises 63% (53 m2 ha-l) of the total basal area (84 m2 ha-l), 
emergentP. taxi/alia, comprises 18% (15 m2 ha-1) ofthe total basal area, and Melicytus ramiflorus, 
comprises 12% (10 m2 ha-l) of the total basal area (Table 10.3). D. cupressinum was the other 
emergent podocarp present in this patch, with a basal area of 2 m2 ha-l. 
Unlike the other kahikatea dominant stands the density of po do carp stems is very low, none 
of these stems is < 50 cm dbh, and the greatest density ofkahikatea stems is in the 110-120 cm dbh 
class (Fig. 10.10). Although I have no age data from this stand, data from the other patches 
suggests that the youngest trees are no less than 100 years old, and the oldest are probably 
significantly older than this. 
There was a relatively high density ofkahikatea seedlings in the first edge plot, however few 
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Figure 10.10: Size class - density distribution of seedlings, saplings and trees in the O'Reilly patch. 
Scenic Reserve 
A relatively open canopy of D. dacrydioides dominates this patch, over a sparse subcanopy 
of P. acutifolius, C. serratus, and W racemosa (Table 10.2). The shrub tier is dominated by C. 
ciliata, and C. smithii, Pseudowintera colorata, H arborea, S. digitata, N pedunculata, and D. 
squarrosa are relatively abundant in this tier. The fern B. novaezeelandiae is the dominant ground 
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Figure 10.11: Size class - density distribution of seedlings, saplings and trees in the Scenic Reserve patch. 
10-15 
D. dacrydioides accounts for 93% (42 m2 ha-1) of the total basal area (45 m2 ha-1) (Table 
10.3). P. acutifolius and P. feruginea contributed c.1 m2 ha-1 to the total. W racemosa was the 
only significant angiosperm with a basal area of 2 m2 ha-1. 
While some D. dacrydioides saplings may still be recruiting into the first size class, the bell 
shaped size class distribution indicates that the regeneration pulse has slowed, if not ceased (Fig. 
10.11). There is an extremely high density of D. dacrydioides seedlings (3350 stems ha-1), however 
the majority ofthese are likely to be ephemeral and will not recruit into the sapling class. 
Table 10.3: Mean basal area (m2ha-1 ). H, Houston; D, Duckett; Cl-5, Cook 1-5; W, Walls; 0, O'Reilly; SR, Scenic 
Reserve. Podocarps: Dacdac, Dacrydium dacrydioides; Daccup, Dacrydium cupressinum; Podacu, Podocarpus 
acutifolius; Podtot, PodocalpuS totara var waihoensis; Prutax, Prumnopitys taxifolia; PruJer, Prumnopitys 
Jerruginea;Angiosperms: Ariser, Aristotelia serrata; Carsel~ Carpodetus serratus; Grilit, Griselinea littoralis; Melram, 
Melicytus ramiflorus; Pencor, Pennantia corymbosa; PUcol, Pittosporum colensoi; Psecol, Pseudopanax colensoi; 
Psecra, Pseudopanax crassifolius; 2uiacu, Quintina acutifolius; Weirac, Weinmannia racemosa; (d), dead. 
Community 1 Community 2 
H D Cl C2 C3 C4 C5 C6 W 0 SR 
Podocarps 
Dacdac 38 38 46 11 6 21 66 37 88 53 
Dacdac(d) 3 2 <0.1 <0.1 0.5 
Daccup 0.7 2 2 




Prutax 2 15 
Prutax(d) 
PruJer <0.1 <0.1 
Basal area- 38.7 40 50 24 23 66.8 37.1 90 70 
live stems 
Angiosperms 
A riser <0.1 <0.1 <0.1 2 
Carser 1 0.4 0.5 0.3 <1 
Grilit 0.3 0.3 
Melram 0.2 10 
Pen cor 1 2 
PUcol 2 0.1 0.5 1 <1 
Psecra 0.4 0.2 0.2 <0.1 <0.1 0.2 0.7 
Quiacu 0.2 
Weirac 5 36 
Basal area 5.4 36.4 4.5 0 <0.1 0.5 1.2 2.5 14 
Total basal 44.1 76.4 54.5 24 23 67.3 38.3 92.5 84 
area 
Floristic cover and stand structure - Community 3 
Levett 1 
P. totara var waihoensis and P. taxifolia dominate the dense canopy of this patch, over a 










shrub tier, and is the most abundant ground cover in an otherwise sparsely covered ground tier. 33 
species were recorded in this patch, with a mean species richness of 19.8 ± 0.8 plof1. 
P. totara andP' taxifolia contribute 63% (54 m2 ha-1) and 33% (28 m2 ha-1) ofthe total basal 
area (86.1 m2 ha-1) respectively (Table 10.4). D. dacrydioides is a relatively small component, with 
a basal area of 2 m2 ha-1, although it occurs in most size classes (Fig. 10.12). P. corymbosa is the 
most dominant angiosperm at 2 m2 ha-1• 
The density - size class distribution of to tara is bell-shaped indicating a pulse of regeneration 
and recruitment that subsequently ceased, while the distribution of matai and kahikatea are 
indicative of a slower, and perhaps more sustained, period of recruitment and regeneration (Fig. 
10.12). The incidence of dead P. totara, P. taxifolia and D. dacrydioides in the first three tree size 
classes probably reflects self-thinning caused by density-dependent mortality. This stand appears to 
have been initiated c.200 years ago with the regeneration of P. to tara and P. taxifolia ceasing c.1 00 
years ago (Fig. 10.12). There are a very small number of P. taxifolia and D. dacrydioides seedlings 
and saplings, although these appear to be ephemeral and are not recruiting into the first tree size 
class. 
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Figure 10.12: Size class - density distribution of seedlings, saplings and trees in the Levett 1 patch. 
Levett 2 
P. totara var waihoensis and P. taxifolia dominate the canopy of this patch, over a sparse 
subcanopy of P. corymbosa and P. taxifolia (Table 10.2). C. rotundifolia dominates the shrub tier, 
and Raukawa anomalus is also abundant in this tier. R. anomalus and P. vestitum are the most 
abundant ground tier species. 39 species were recorded in this patch, with a mean species richness 
of 24.4 ± 0.9 plof1. 
10-17 
P. to tara andP' taxifolia comprise 64% (48 m2 ha-1) and 32% (24 m2 ha-1) of the total basal 
area (74.9 m2 ha-1) (Table 10.4). This is similar to the Levett 1 patch, although the density of P. 
totara and P. taxifolia stems is less in Levett 2 than Levett 1. P. corymbosa is the most dominant 
. t 2 2 h -1 angIOsperm a rna. 
The size class - density distribution is similar to that of Levett 1, indicating a pulse of 
regeneration and recruitment of P. totara and P. taxifolia that is eventually suppressed (Fig 10.13). 
One exception is the low density of D. dacrydioides, with stems occurring only in the smallest tree 
size class (cf Levett 1). Dead totara stems in the 20-30 cm size class maybe indicative of self-
thinning through density dependent mortality, with self-thinning in the smaller size classes no 
longer occurring. This patch would appear to have been initiated >200 years ago with recruitment 
ceasing c.l00-150 years ago. Kahikatea seedlings are relatively prolific, but very few are recruiting 
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Figure 10.13: Size class - density distribution of seedlings, saplings and trees in the Levett 2 patch. 
Dodunski 1 
A dense canopy of P. totara var waihoensis dominates this patch over occasional A. serrata 
in the subcanopy (Table 10.2). C. rotundifolia dominates the shrub tier over a sparsely covered 
ground tier. 36 species were recorded in this patch, with a mean species richness of 19.4 ± 1.5 plot" 
P. to tara accounts for 93% (65 m2 ha-1) of the total basal area (69.6 m2 ha-1) (Table 10.4). P. 
taxifolia is a relatively small component at 2 m2 ha-1, and A. serrata is the dominant angiosperm at 2 
m2 ha-1. 
10-18 
The bell-shaped size class distribution suggests that this stand was initiated by a pulse of P. 
totara regeneration c.80-150 years ago, but this has now ceased (Fig. 10.14). A few dead standing 
totara occur in the first three size classes and these probably reflect self-thinning caused by density 
dependent mortality. The few P. taxifolia appear to have recruited into this stand after the initial 
appearance of P. totara. 
D. dacrydioides and P. taxifolia seedlings are present, however only a few kahikatea are 


















3-10 10-20 20-30 30-40 40-50 50-60 
Size class (cm dbh) 
Figure 10.14: Size class - density distribution of seedlings, saplings and trees in the Dodunski 1 patch. 
Dodunski2 
A canopy and sub canopy of P. totara var waihoensis dominate this small patch over a shrub 
tier dominated by C. rotundifolia (Table 10.2). The ground tier is sparsely covered. 21 species 
were recorded in this patch, with a mean species richness of 11.8 ± 1.6 plof1. 
P. to tara comprises 95% (38 m2 ha-1) of the total basal area (40 m2 ha-1) (Table 10.4, Fig. 
10.15). Dead totara stems and kahikatea are a small component, at 2 m2 ha-1 and <0.1 m2 ha-1 
respectively. P. corymbosa contributes insignificantly to the total basal area. 
The size class distribution is tending towards a bell shaped curve, with the greatest density 
of P. totara stems in the 10-20 cm dbh size class (Fig 10.15), indicating that the pulse of 
regeneration that initiated this stand has ceased. The dead standing P. totara probably reflects self-
thinning caused by density dependent mortality. D. dacrydioides has established in this patch and is 
present in the sapling and 3-10 cm dbh size classes. However the lack of any seedlings in this patch 
indicates that regeneration of P. totara or D. dacrydioides has ceased. 
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Figure 10.15: Size class - density distribution of seedlings, saplings and trees in the Dodunski 2 patch. 
Dodunski3 
A canopy of D. dacrydioides, A. serrata, and P. to tara var waihoensis (Table 10.2) 
dominates this patch. A few D. dacrydioides and P. taxifolia are emergent over the canopy. The 
subcanopy is dominated by A. serrata, while P. to tara var waihoensis and P. taxifolia are relatively 
abundant in this tier. The shrub tier is dominated by a dense stand of C. rotundifolia. The ground 
tier is relatively sparse. 34 species were recorded in this patch, with a mean species richness of 20.5 
± 0.6 plorl. 
P. to tara andD. dacrydioides contribute 58% (21 m2 ha-1) and 30% (11 m2 ha-1) 
respectively, of the total basal area (36.5 m2 ha-1) (Table 10.4). P. taxifolia is a lesser component at 
3 m2 ha-1, although the largest tree in the patch is a P. taxifolia and this is probably c.250 years old 
(Fig. 10.16). Three angiosperms, A. serrata, C. serratus, and P. corymbosa, were present in the sub 
canopy, but contributed only 1.5 m2 ha-1 to the total basal area. 
The bell-shaped size class distribution of P. to tara and the very low density of saplings 
suggests that this species has ceased regeneration and recruitment (Fig. 10.16). The presence of 
dead standing P. to tara in the lower tree size classes probably indicates self-thinning through 
density dependent mortality. Conversely the reverse-J size class distribution of D. dacrydioides in 
the tree size-classes, and the presence of seedlings and saplings, suggests that regeneration and 
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Figure 10.16: Size class - density distribution of seedlings, saplings and trees in the Dodunski 3 patch. 
Northcroft 
This large forest patch is dominated by an emergent tier of P. tatara var waihaensis and P. 
taxifalia over a sparse canopy dominated by A. serrata, with P. tatara var waihaensis and P. 
taxifalia being less abundant in this tier (Table 10.2). The subcanopy is dominated by D. 
squarrasa, with P. carymbasa and A. serrata also being abundant in this tier. The shrub tier is also 
dominated by D. squarrasa, with C. ratundifalia and C. ciliata also relatively abundant. The 
ground tier is sparsely covered, with S. digitata seedlings being most abundant in this tier. 32 
species were recorded in this patch, with a mean species richness of 18.1 ± 0.9 piorl. 
P. tatara and P. taxifalia comprise 63% (32 m2 ha-1) and 28% (14 m2 ha-I ) ofthe total basal 
area (50.3 m2 ha-I), respectively (Table 10.4). The angiosperms A. serrata, P. carymbasa, and P. 
crassifalius collectively contribute 4.3m2 ha-I of basal area. 
The size class distribution suggests a bimodal pattern of regeneration and recruitment of P. 
tatara and P. taxifalia (Figure 10.17), with the establishment period of this patch occurring c.250 
years ago. The dead standing P. tatara probably reflects self-thinning caused by density dependent 
mortality. D. dacrydiaides have recruited into the first tree size-class, and this has probably 
occurred in the last 50-100 years. D. dacrydiaides and P. taxifalia seedlings are present in 
relatively high numbers, although few are recruiting into the sapling class. A small number of P. 
tatara seedlings and saplings are present, however these are not recruiting into the first tree size-
class (Fig. 10.17). 
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Figure 10.17: Size class density distribution of seedlings, saplings and trees in the N orthcroft patch. 
Nolan 
This forest patch, contiguous with the Northcroft patch, has an emergent tier dominated by 
P. taxifolia and P. totara var waihoensis (Table 10.2). P. crassifolius is the most abundant species 
in an otherwise sparse canopy tier. S. digitata dominates the subcanopy, shrub, and ground tiers. 
C. smithii is also relatively abundant in the shrub tier. 40 species were recorded in this patch, with a 
mean species richness of 20.9 ± 1.5 p1ofl. 
P. taxifolia and P. totara comprise 50% (39 m2 ha-1) and 45% (35 m2 ha-1) of the total basal 
area (77.7 m2 ha-1), respectively (Table 10.4). The angiosperms A. serrata, C. serratus, P. 
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Figure 10.18: Size class density distribution of seedlings, saplings and trees in the Nolan patch. 
10-22 
The size class distribution suggests that there have been two pulses of regeneration and 
recruitment that pre-date European arrival, with a third pulse occurring after surrounding forest was 
I 
cleared (Fig. 10.18). The P. taxifalia in the largest size class (90-100 cm dbh) are probably >250 
years old (Fig. 10.18) and may be the remnants ofthe forest stand pre-date the current forest which 
initiated c.250 years ago. P. tatara seedlings and saplings are present in low densities around the 
edge of the patch but not in the interior, while low densities of P. taxifalia seedlings and saplings 
are found in the interior. D. dacrydiaides seedlings are present at relatively high densities although 
few appear to successfully recruit to the sapling class. There has, however, been successful 
recruitment of D. dacrydiaides into the first two tree size classes (Fig. 10.18). 
Table 10.4: Mean basal area (m2ha-1 ). Ll, Levett1; L2, Levett2; D1-3, Dodunski 1-3; N, Nolan; Nc, Northcroft. 
Podocarps: Daedae, Daerydium daerydioides,' Daeeup, Daelydium eupressinum,' Podaeu, Podoearpus aeutifolius; 
Podtot, Podoearpus totara var waihoensis; Prutax, Prumnopitys taxifolia,' Prufer, Prumnopitys 
ferruginea,'Angiosperms: Ariser, Aristotelia sen'ata; Carser, Carpodetus serratus,' Grilit, Griselinea littoralis,' Melram, 
Melieytus ramiflorus; Peneor, Pennantia eorymbosa,' Piteol, Pittosporum eolensoi; Pseeol, Pseudopanax eolensoi,' 
Pseera, Pseudopanax erassifolius,' Quiaeu, Quintina aeutifolius; Weirae, Weinmannia raeemosa; (dJ, dead. 
Community 3 
L1 L2 D1 D2 D3 N Nc 
Podocarps 





Podtot 54 48 65 38 21 35 32 
Podtot(d) 2 1 0.5 2 0.7 0.1 2 
Prutax 28 24 2 3 39 14 
Prutax(d) <0.1 0.4 
Prufer 
Basal area- 84 72.1 67 38 35 74.1 46 
live stems 
Angiosperms 
Ariser 0.2 2 1 1 2 
Carser 0.1 0.1 
Grilit 
Melram 0.3 0.2 
Pen cor 2 2 <0.1 0.4 0.5 2 
Pitcal <0.1 
Psecra 0.1 0.3 0.4 2 0.3 
Quiacu 
Weirac 
Basal area 2.1 2.8 2.6 <0.1 1.5 5.6 4.3 
Total basal 86.1 74.9 69.6 40 36.5 77.7 50.3 
area 
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